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Abstract 
Introduction 
The global issue of obesity is well recognised. Current literature highlights that not 
only is there a greater proportion of the adult population developing obesity, but the 
degree of obesity is also increasing. More than double the amount of women than 
men have severe obesity. Further, women are more likely to identify impaired 
psycho-social health (quality of life, depressive symptoms and anxiety) in relation to 
obesity. Weight loss and exercise training have an independent influence on health-
related quality of life. Less is known about the possible additive effects of combining 
exercise training with weight loss strategies on psycho-social health outcomes for 
women with clinically severe obesity.  
Methods 
This thesis comprises three studies which investigate the psycho-social health 
outcomes of exercise training in addition to energy restriction for women with severe 
obesity and the factors which influence exercise and physical activity participation 
via the social-ecological model. The first study was a collaboration with the Baker 
Heart and Diabetes Institute (Melbourne, Australia) as part of a larger RCT. The 
second study of this thesis was a cross-sectional analysis of quality of life for women 
previously enrolled in the RCT (Study 1) compared to women engaged in the 
Australian Longitudinal Study of Women’s Health (ALSWH). The third study of this 
thesis is a qualitative enquiry to explore the influences on physical activity and 
exercise engagement specific to women with severe obesity. 
Study One recruited 60 women with clinically severe obesity aged 18-50 years to an 
RCT using an energy-restricted diet with and without the addition of exercise 
 
 
training (ER and EXER respectively). Women were randomly allocated to ER or 
EXER and received the same energy restricted diet. Women in EXER also received 
supervised exercise training with an Accredited Exercise Physiologist for 12 months 
which consisted of supervised exercise training with a reducing contact protocol. The 
primary outcome was health-related quality of life (HRQOL), with a secondary focus 
on depressive and anxiety symptoms following the intervention.  
Study Two explored health-related quality of life for treatment seeking women with 
severe obesity compared to their age and BMI-matched counterparts prior to weight 
loss intervention. Further, the study investigated whether the women undertaking a 
weight loss intervention (with or without exercise) can achieve a quality of life 
beyond or equivalent to healthy-weight, age and sex-matched samples.  
Study Three recruited a sub-sample of 16 women from Study One. This study 
investigated barriers and facilitators to engaging in physical activity for women with 
obesity using semi-structured, one on one interviews. The social-ecological model 
was used as a framework for interview development and theme identification. 
Results 
Study One 
Mean weight of participants at baseline was EXER: 111.38kg (12.48), ER: 114.08kg 
(23.55). Eighteen women withdrew from the study or were lost to follow-up, 31 
women completed SF-36 surveys and 29 completed Beck Depression Inventory 
(BDI) surveys at baseline and 12 months. Mean mental and physical component 
summary scores (MCS and PCS respectively) at baseline for the SF-36 were EXER 
MCS: 42.1 (9.9) PCS: 46.8 (6.4) and ER MCS: 43.4 (10.3) PCS: 46.9 (8.2). Mean 
BDI scores for groups at baseline was EXER: 12.65 (8.08) and ER: 14.08 (11.46), 
indicative of minimal depressive symptoms. Moderate-severe depressive symptoms 
 
 
were reported by 16 women (EXER n = 7, ER n = 9) at baseline and by four women 
at 12 months (EXER n = 1 ER n = 3). There was a significant group by time 
interaction for four HRQOL domains (general health p =.003, vitality p =.006, role 
emotional p = .048 and mental health p =.007) and the MCS score (p = .002) as well 
as for depressive symptoms (p =.005), state and trait anxiety (p=.005 and .001 
respectively).  
Study Two 
Women from EXER achieved HRQOL better than age and BMI matched community 
controls in three out of eight domains of the SF-36 (General health p =.04, vitality p 
=.008 and mental health p =.009). ER exceeded HRQOL scores of age and BMI 
matched women in role physical domain (p =.038) and for PCS score (p =.007). In 
comparison to healthy weight, age-matched women from the ALSWH, HRQOL was 
similar for all domains and summary scores of the SF-36 for EXER but not ER. ER 
scored lower for general health domain compared to healthy weight women (p < .01). 
Study Three 
Five themes related to intra-personal and social components of the social-ecological 
model were identified. Intra-personal themes included; ‘weight’, ‘perceived physical 
limitations’ and ‘exercise self-efficacy’. Social themes were ‘social commitments’ 
and ‘accountability and support’. Social themes and influences did not differ greatly 
pre, during, or post-intervention participation. 
Conclusion 
This thesis provided new insights into the effects of 12-month interventions using 
energy restriction with and without exercise training for improving HRQOL and 
psychosocial health. In the longer-term, exercise training resulted in HRQOL 
 
 
benefits in excess of that for energy restriction alone, predominantly in the mental 
domains. Moreover, benefits observed in the intervention study translated to HRQOL 
for women with obesity commensurate to their healthy weight, age-matched 
counterparts for both EXER and ER. This is a finding which had previously only 
been demonstrated in patients undergoing bariatric surgery that typically induces a 
much larger degree of weight loss. Finally, the use of a qualitative investigation 
revealed the key influences of exercise participation for women with severe obesity. 
Intra-personal and social factors had the most significant influences on exercise 
participation. Accountability, weight and perceived physical limitations were 
identified as major themes. The findings of this thesis should aid in furthering the 
clinical practice of exercise professionals working with women with severe obesity 
to better inform clinical decision making, goal setting and identification of key 
outcomes (including HRQOL) from exercise interventions.  
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Chapter 1.    
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1 Introduction and Review of the Literature 
 Introduction 
In 2014, world obesity figures indicated that 10% of male and 14% of female adults 
aged over 20 had obesity and this was estimated to rise to 18% of men and 21% of 
women by 2025 [1, 2]. In Australia, nearly 28% of adults have obesity, but of 
increasing concern is the doubling of the proportion of adults reaching a body mass 
index (BMI) of 35 kg/m2 [3-5]. There are twice as many women than men in this 
category [2] and it is anticipated that by 2025 nearly 10% of all women will have 
severe obesity [2]. Overweight and obesity are defined as the accumulation of excess 
body adiposity, caused by energy consumption in excess of energy expenditure [6]. 
The World Health Organisation (WHO) defines “overweight” as a BMI equal to or 
greater than 25 kg/m2, and “obesity” as a BMI equal to or greater than 30 kg/m2 [6]. 
Clinically severe obesity is defined as a BMI greater than 40 kg/m2, or a BMI greater 
than 35 kg/m2 with one or more obesity-related co-morbidities [6].  
The continued rise of obesity will have profound effects for individuals on a personal 
level due to the relationship between clinically severe obesity in women and its effect 
on fertility, cardiometabolic health, musculoskeletal disorders and midlife disability 
[7-11]. The effect of ill health in clinically severe obesity extends beyond the 
individual and in the Australian context leads to twice the healthcare spending to that 
of healthy weight adults [12]. The relationship between severe obesity and 
cardiometabolic disease is well accepted in the wider community, as is the 
relationship between severe obesity and health-related quality of life (HRQOL) and 
severe obesity and poorer mental health [6, 13-18]. Further, adults with severe 
obesity are more likely to suffer poorer mental health  [6, 13-17], which is 
particularly prevalent in women [18]. This is important because of the social, 
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physical and mental impairments in one’s life associated with a reduced quality of 
life and mental health disturbance. 
HRQOL improves for adults with overweight and obesity with weight loss alone [16, 
19-22], and similar outcomes have been reported with the use of exercise training 
(repeated bouts of exercise with the intention to improve one or more aspects of 
strength and fitness [23]) and general physical activity (any bodily movement 
produced by contraction of skeletal muscle which results in a substantial increase 
over resting energy expenditure [23]) independent of weight loss [24, 25]. But, 
exercise training guidelines which focus on mental health, do so in the in the general 
adult community [26], and are not specific to adults with additional health challenges 
like clinically severe obesity. Much of the research used to devise these guidelines is 
based on exercise training studies undertaken in healthy weight, overweight and class 
I obesity, and so it is not clear whether similar outcomes should be expected in 
women with clinically severe obesity as a result of lifestyle modification. Previous 
research in clinically severe obesity has shown that profound improvements in 
HRQOL are reported following bariatric surgery, resulting in an HRQOL similar to 
general (healthy) population norms [27]. Substantial health improvement is common 
following bariatric surgery, with much of this improvement a result of the dramatic 
and sustained reduction in body weight. Adults with clinically severe obesity are 
suitable for bariatric surgery, but this method of health improvement is not easily 
accessible [28-30]. Lifestyle interventions that involve dietary weight loss and 
exercise are the most accessible and are first-line treatments for obesity [31], 
however, weight loss is modest and adherence declines over time [32]. Therefore it is 
not clear whether a more modest weight loss, when combined with exercise training, 
is effective to the same extent as bariatric surgery for improving HRQOL [33-35]. 
There may be additive or synergistic effects of diet plus exercise training on HRQOL 
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and mental health for women with clinically severe obesity, although this is yet to be 
established. It is important to better understand these lifestyle weight loss strategies 
for their effect on HRQOL and mental health for women with clinically severe 
obesity. Because of the degree of HRQOL impairment reported by women with 
clinically severe obesity, it is important to determine whether HRQOL can be 
improved using lifestyle approaches to a level similar to that of healthy weight 
population norms.  
Adults suffering from clinically severe obesity have reported unique challenges and 
experiences of social isolation, stigmatization, physical impairment and pain more 
often than healthy weight adults [36-40]. This may contribute to a reduced HRQOL 
and increased barriers to initiation and maintenance of regular physical activity. It is 
well accepted that intra-personal, social and physical environmental factors can 
influence ongoing compliance to an exercise training program, but it is not well 
understood whether women with clinically severe obesity have unique challenges to 
initiate or maintain a regular exercise training program [37, 39, 41-44]. Studies that 
examine the psychosocial health outcomes of exercise training beyond what can be 
achieved through weight loss, particularly amongst women with severe obesity, are 
warranted. These investigations will provide insight into the specific influences on 
adoption of exercise training for women with severe obesity and how best to address 
them.  
The following literature review provides a background to obesity, self-reported 
mental and physical health outcomes linked to obesity, and current interventions 
used for weight loss. This is followed by an evaluation of HRQOL, symptoms of 
depression and anxiety outcomes in response to weight loss, exercise training or a 
combination of the two. Finally, the challenges, self-reported motivators and  
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de-motivators faced by women with obesity engaging in exercise training and 
lifestyle modification programs will be explored.  
1.1 Aetiology, prevalence and trends in overweight and obesity 
Obesity arises when energy intake exceeds energy expenditure [45]. While an energy 
imbalance must occur in order for weight gain to result, the development of 
overweight and obesity is much more complex and not simply a matter of over-
consumption of energy-dense foods and a lack of physical activity [1]. A myriad of 
factors including the built environment [46], genetics [47, 48], epigenetics [49], 
social influences [50] and family history [51] are all well investigated and strongly 
linked with the development of obesity. The aetiology of obesity, however, is not a 
focus of this review. 
Overweight and obesity prevalence has steadily risen over the past 20 years [2, 52]. 
For adults, obesity prevalence has increased across all age groups with peaks 
occurring at age 55 [53]. In 2015, 64% of all Australian adults were considered to 
have overweight or obesity (36% overweight and 28% obese) [54]. Most alarmingly, 
10% of adults have severe obesity and morbid obesity is the fastest growing BMI 
category [2, 3]. It is well accepted that this extent of obesity reduces life expectancy, 
results in poorer physical health and disability, and doubles the burden on the health 
care system and reduces HRQOL when compared to adults of healthy weight [7-9, 
12, 33, 55].  
1.2 Health outcomes and risks arising from obesity 
It is well accepted that obesity increases the risk of developing Type 2 diabetes 
mellitus, hypertension, ischaemic heart disease, chronic heart failure, osteoarthritis, 
sleep apnoea and some cancers, with relative risk increased more than fivefold in 
some cases [56-62]. The relative risk of developing such conditions in adults with a 
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BMI above 30kg/m2 is highlighted in Table 1. In the context of the widespread 
interest in the clinical health of adults with obesity, there is far less understanding of 
the relationship between obesity, especially severe obesity, and psychosocial well-
being. This is particularly important to address since women with clinically severe 
obesity represent the most at-risk population for psychosocial health and HRQOL 
related impairment, suffer from stigmatisation, and experience significant barriers to 
adopting health-promoting regular exercise [37-40, 42]. 
Table 1 Relative risk of developing obesity-related co-morbidities 
Condition Relative Risk Reference 
Type 2 Diabetes 9.03-17.06^ Guh et al. [7]+ 
Hypertension 1.84 – 2.42^ Guh et al. [7]+ 
Coronary Heart Disease 1.81^ Bogers et al. [9] + 
Stroke 1.64 (Ischaemic stroke)* 1.24 (Haemorrhagic stroke)* Strazzullo et al. [8]
 + 
Congestive Heart Failure 1.31 - 2.4*  Eeg-Olofsson[63] + 
Coronary Artery Disease 2.69 – 3.10^ Guh et al. [7] + 
Cancer 
Endometrial 1.59* 
Colon Cancer 1.09-1.24* 
Renal Cancer 1.24 - 1.34* 
Pancreatic Cancer 1.07 – 1.12* 
Rectal Cancer 1.02 – 1.09* 
Renehan et al. [55] + 
Osteoarthritis 
1.96 – 4.20 (all forms)^ 
2.07 – 5.48 (men, knee)^ 
2.65 – 4.51 (women, knee)^ 
Guh et al. [7] + 
Zhou [64] + 
*Relative Risks listed are for each 5 kg/m2 increase in BMI above 24.9 kg/m2 
^ Relative risk for persons with BMI > 30kg/m2 
+ Identifies reference as a systematic review and meta-analysis. 
 
1.2.1 The impact of obesity on quality of life 
There is clear evidence of a negative relationship between BMI and HRQOL that 
continues to exist when controlled for obesity-related co-morbidities [17, 22, 25, 33, 
65-68]. Quality of life refers to health concepts that represent basic human values 
that are relevant to functional status and well-being, regardless of age, disease, or 
treatment [69-71]. Quality of life incorporates all aspects of one’s existence while 
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HRQOL is related specifically to how health (positive or negatively) affects one’s 
function, perception and beliefs in relation to only the health domain of their 
existence. That is to isolate how quality of life is influenced by health without regard 
for socioeconomic status, employment or otherwise. HRQOL is determined by the 
ability to carry out activities of daily living (ADL) and freedom from physical pain,  
mental and social disturbance [72]. 
The most commonly used tool to assess the physical and psychosocial aspects of life 
is the Short Form (36) Health Survey (SF-36), which is a widely accepted and 
validated generic HRQOL assessment tool [73]. Broadly, the SF-36 is used to 
determine HRQOL within a series of mental health domains summarised as mental 
component summary (MCS) scores, and physical health domains summarised as 
physical component summary (PCS) scores. The physical domains and summary 
score compared with mental domains and summary score are most affected by 
obesity [17, 25, 33, 65-67, 69, 74]. A recent systematic review confirmed that MCS 
scores of the SF-36 are reduced only in Class III obesity [33]. The negative impact 
on component summary scores has been reported to be as much as 40% for PCS and 
MCS scores in populations with severe obesity [22, 74, 75]. Reductions in HRQOL 
are likely due to the physical limitations that excess weight causes in individuals with 
obesity [74, 76]. Physical function declines due to reduced cardiovascular and 
respiratory function, reduced musculoskeletal flexibility, muscular strength and 
endurance, and is associated with chronic pain complaints including osteoarthritis 
and low back pain [62, 74, 76-78]. Individuals with obesity, irrespective of co-
morbidities are three times more likely to report lower physical functioning and 
mobility scores, and one and a half times more likely to report reduced social 
functioning and role limitations than healthy weight adults [25]. These reductions 
affect women more so than men [76]. In addition to the functional limitations, 
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physical limitations may also limit the ability for severely obese adults to use public 
seating, fit into seats on public transport or ambulate comfortably at work or tertiary 
study [79-81]. Moreover, the systematic review by Kolotkin et al [17] reports 
differences in obesity-specific HRQOL between men and women with women being 
more impaired than men. Further, Larsson et al [18] also reported differences in 
HRQOL for men and women using the SF-36. Once standardised for age, women 
with Class I and II obesity were impaired in all domains and summary scores of the 
SF-36 compared to their healthy weight counterparts while men were impaired only 
for general health and physical functioning. Further, Sullivan et al [81] reported that 
increasing BMI and female gender were associated with poorer reports of current 
health, less positive mood states and increased symptoms of depression and anxiety. 
These results suggest that the tool used for assessment (generic or disease-specific) 
may influence the interpretation of degree of impairment and subsequent outcomes.  
1.2.2 The impact of obesity on depression and depressive symptoms 
Globally more than 350 million people suffer from depression [82]. In Australia, 2.1 
million adults (9.7% of the population) report suffering from the condition [82]. 
Depression is more prevalent in individuals with obesity compared to the general 
population [83-89] and occurs twice as often in women than men [90]. Depression is 
a mood disorder, commonly marked by loss of interest or pleasure in living and 
activities [90]. Depressive disorders, including major depressive disorder (also 
known as clinical depression), are typically diagnosed using the Diagnostic 
Statistical Manual of Mental Disorders (DSM-5) [90]. This diagnosis requires five 
out of the nine assessed symptoms to be present nearly every day, symptoms 
included are; depressed mood (self-reported or observed by others), decreased 
interest or pleasure, significant weight change (5%), change in sleep, change in 
activity, fatigue or loss of energy, feelings of guilt/worthlessness, decreased 
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concentration and suicidality [90-92]. The relationship between obesity and 
depression may be considered  
bi-directional with each condition exacerbating the other [87, 93]. This has the 
potential to create a cycle of deterioration in both, leading to more severe obesity and 
depression [87, 93]. Depression is associated with a 60% increase in the risk of type-
2 diabetes, a condition synonymous with severe obesity. Similarly, type-2 diabetes is 
associated with a 15% increase in the risk of depression [94]. 
Discrimination and stigmatization of young individuals with obesity may 
compromise their psychological well-being throughout life [13, 95]. Adults with 
depression are 1.6 (95% CI [1.33-1.87]) times more likely to develop obesity [96]. 
When compared to their healthy weight counterparts, those with obesity are 1.5 [1.2-
1.9] times more likely to suffer depression [96] and 1.4 [1.3-1.6], 1.9 [1.6-2.1] and 
1.7 [1.5-2.0] times more likely to experience 14 or more unhealthy days per year 
relating to their mental and physical health limitations respectively [97]. Risk of co-
morbid obesity and depression is increased by severe obesity, female gender and 
high or low socioeconomic status [98, 99]. Younger women [100] with obesity [86] 
(OR 1.82 [1.0-3.3]) and increasing obesity [86] (BMI ≥ 40 kg/m2: OR 4.98 [2.1-
11.9]) are more likely to be affected by depressive symptoms than adults with a 
healthy weight. 
1.2.3 Obesity and anxiety disorders 
In Australia, approximately 850,000 adults are affected by anxiety related problems 
[101]. Anxiety disorders are a group of mental health conditions which demonstrate 
varying symptoms including fear, anxiety and behavioural disturbances [90]. 
Generalised anxiety disorder (GAD) is defined by excessive anxiety and worry for at 
least six months [91]. People with anxiety disorders usually have recurring intrusive 
thoughts or concerns. They may avoid certain situations out of worry or, have 
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physical symptoms such as sweating, trembling, dizziness or a rapid heartbeat [92]. 
Anxiety disorders are typically classified as being state or trait-based [90]. State 
anxiety relates to unpleasant emotional arousal responses due to threatening demands 
or dangers which resolves when the demand or danger is removed [90]. Trait anxiety 
refers to stable individual differences in response to the anticipation of a threat rather 
than the actual presence of such a threat [90].  
When compared to their healthy weight counterparts, populations with obesity are 
1.4 [1.2-1.6] times more likely to suffer from anxiety disorders [14]. Women are 
more likely than men to suffer from an anxiety disorder during their lifetime and 
increasing obesity escalates this likelihood [14, 88, 102-105]. Some researchers 
suggest that weight gain rather than current weight is a stronger predictor of anxiety 
disorder development [106]. A weight gain of 20kg or more after age 25 appeared 
most likely to be associated with the development of anxiety (OR 1.4 [1.1-1.9]), 
however, this finding is limited due to the use of weight recall [106]. It is possible 
that the ability of participants to recall weight at age 25 years two decades later 
limited an accurate assessment of weight. But, it can be assumed that participants 
were able to identify significant weight change over the period irrespective of the 
actual amount gained. While weight gain is associated with an increased incidence of 
anxiety, other factors beyond weight gain have an influence. It is well accepted that 
low socioeconomic status is associated with obesity [99]. Some evidence shows that 
socio-demographic factors such as unemployment and receipt of a disability pension 
are more strongly related to increased anxiety in adults with obesity rather than BMI 
or weight gain [99, 107, 108]. This is likely to be most evident in measures of state 
anxiety as specific circumstance is more likely to affect this measure than trait 
anxiety (a propensity to be anxious). 
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Although there are clear mediating factors that influence anxiety, it is clear that 
weight gain, severe obesity and female gender are more at risk of developing 
symptoms of anxiety [14, 88, 99, 102-105, 107, 108].  
1.3 Current interventions for weight loss 
There are numerous weight loss methods available to adults with severe obesity with 
a vast range of success, cost and ease of access to specialised services [109]. The 
Australian National Health and Medical Research Council (NHMRC) clinical 
practice guidelines suggest lifestyle intervention as a frontline therapy and consider 
pharmacotherapy and surgery following unsuccessful weight loss attempts [31]. A 
simplified version of the clinical practice guidelines is presented in Figure 1. The 
following sections provide a brief review outlining the effectiveness of bariatric 
surgery (the most effective weight loss method) and pharmacotherapy (a secondary 
intervention or addendum to lifestyle modification), before a more in-depth analysis 
of lifestyle modification (the most accessible and scalable weight loss method 
currently available) for weight loss in severe obesity. The effects of weight loss on 
HRQOL, depressive and symptoms of anxiety are discussed in sections 1.4.1, 1.4.4 
and 1.4.7 respectively.  
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 Figure 1 Simplified schematic of NHMRC clinical practice guidelines 
1.3.1 Bariatric surgery for weight loss 
Bariatric surgery is the most effective weight loss treatment option for adults with 
severe obesity and is far more effective than existing pharmacotherapy and lifestyle 
interventions [28-30]. However, access to bariatric surgery is limited in the public 
health system and is unaffordable for most through the private healthcare schemes. 
Further, government efforts preference prevention of unhealthy weight gain before 
treatment [31]. There has been a shift from traditional eligibility criteria which 
followed BMI cut-offs and the presence of obesity-related comorbidities toward 
individual risk and benefit assessment [110, 111]. In recent years, roux-en-y gastric 
Bariatric surgery and 
implantable  
gastro-intestinal devices 
Lifestyle 
interventions 
Expected % 
excess weight 
loss 
Ability to 
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bypass and sleeve gastrectomy surgeries have become increasingly popular. They 
have now surpassed laparoscopic adjustable gastric banding (LAGB) as the primary 
bariatric surgical procedures in Australia and represent a shift to more invasive 
treatments for a population with increasingly severe obesity [112]. Mean weight loss 
of 20-35% initial weight is reported for these procedures compared to 15-20% for 
LAGB [113, 114]. Bariatric surgery-related weight loss has a strong, positive 
influence on obesity-related, comorbid conditions including type 2 diabetes [115, 
116], hypertension [117] and dyslipidaemia [118].  
Newer procedures aim to decrease the volume of the gastric space through the use of 
space-occupying prosthesis or alterations to gastric anatomy, and like traditional 
bariatric surgical approaches have effects on energy homeostasis and hormonal 
response [111, 119, 120]. These procedures are relatively new and as such, limited 
randomised controlled trials have been conducted [113]. While bariatric surgery is 
successful for weight loss, it is not currently a feasible approach at a population level 
due to cost, waiting periods, surgical complications and reversibility concerns.  
1.3.2 Pharmacotherapy for weight loss  
Pharmacologic therapy is generally offered to individuals who are unsuccessful in 
weight loss attempts through lifestyle interventions incorporating dietary 
modification and exercise [28, 31]. Orlistat, Phentermine and more recently, 
Liraglutide, are commonly prescribed and studied drugs used to induce weight loss. 
Weight loss achieved with the use of these three pharmacological agents leads to a 3-
5% additional weight loss when compared with placebo controls [121-125]. 
Although the extent of weight loss does not appear to be substantially greater than 
controls following lifestyle change alone, it appears that a greater proportion of 
participants using pharmacotherapy are more likely to achieve a clinically 
13 
 
meaningful weight loss when compared to those without [121]. Of the three, 
Phentermine is the most commonly prescribed [126]. 70% of participants that use 
Phentermine will achieve a clinically meaningful weight loss compared to those that 
do not [121]. Orlistat and Liraglutide have demonstrated more modest outcomes with 
3% improvement in weight loss and clinically meaningful weight loss achieved for 
35-67% of users [123-125, 127, 128]. 
More recently, drugs including Qsymia, Lorcaserin and Contrave have become 
available in the United States, however, these are not currently available in Australia. 
While pharmacotherapy is able to contribute to greater amounts of weight loss when 
compared to lifestyle and placebo interventions, side effects and only modest 
improvements may deter many from using these methods [129]. Therefore, strategies 
with a broader reach such as lifestyle interventions (e.g. diet and exercise) are 
identified as an important strategy to help treat obesity. 
1.3.3 Lifestyle Interventions for weight loss 
Dietary intervention and a subsequent reduction of energy intake is the foundation of 
weight loss. While this is true, people with obesity tend to elect the use of increasing 
physical activity as a frontline intervention [130], but existing evidence shows that 
exercise has a modest impact on weight loss during energy restriction [131]. 
Lifestyle interventions aim to induce weight loss and reduce the risk of cardio-
metabolic disease through the use of strategies designed to improve dietary habits, 
physical activity, exercise and health education [132]. Diet and exercise are the most 
common forms of weight loss interventions and are applied separately or in 
combination. The American College of Sports Medicine (ACSM) and the National 
Weight Control Registry identify that the combination of dietary modification and 
exercise are important for weight loss [133, 134]. 
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Dietary weight loss interventions have been shown to induce clinically significant 
weight loss in the short-term, but weight regain is often reported in long-term studies 
[131]. It is not uncommon for diet plus exercise approaches to achieve a 10% weight 
loss within the first 6 months, however, the extent of weight loss at 12 months and 
three years highlights the progressive regain in weight to near baseline levels (-3 to -
2kg) [30, 135]. There is, however, a large degree of heterogeneity across the 
literature on the effect of lifestyle approaches on weight loss [109, 136-139]. Very 
low energy diets (VLED) result in the greatest weight loss in the first 6 months when 
compared to any other dietary energy restricted approach [131]. VLEDs involve 
considerable reduction of daily energy intake (intake of approximately 400 - 800 kcal 
per day [140]) in order to produce weight loss in the order of ≥ 15 kg over 6 months 
[131].  
Exercise or the provision of health education, without dietary intervention, does not 
result in clinically or statistically significant weight loss [131]. Through the inclusion 
of aerobic or resistance exercise training, as little as 80 min∙wk-1 (minimum 
adherence 60%), can enhance weight loss and prevent regain of visceral fat [141]. A 
systematic review by Curioni and Lourenco [68] concluded that exercise contributed 
to approximately 20% greater (13kg vs 9.9kg p =0.063) weight loss compared to 
dietary intervention alone but this was not statistically significant. The addition of 
behaviour change principles to dietary weight loss intervention has also been shown 
to improve adherence to exercise and dietary intervention and in turn, improve long-
term weight maintenance outcomes [142-146]. Others have reported that effective 
weight maintenance is strongly associated with greater amounts of activity with 300 
or more minutes per week suggested by ACSM and the National Weight Control 
Registry [133, 147]. These findings support the concept that diet and most 
specifically VLEDs are the main component of lifestyle interventions that lead to 
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weight loss, whilst exercise during moderate energy restriction of at least 300 
minutes per week supplements the effects of energy-restricted diets. The benefits of 
exercise probably lie more in reductions in risk of cardiometabolic disease and 
improving HRQOL [7, 8, 24]. 
1.4 Effects of weight loss, physical activity and combined interventions 
1.4.1 Effects of weight loss on HRQOL 
The inverse relationship between BMI and HRQOL is well recognised, and 
interventions to reduce weight positively influence HRQOL [17, 25, 33, 34, 65-67, 
109]. It is not clear whether these HRQOL improvements are retained in the long 
term in adults with clinically severe obesity after diet only or combined diet and 
exercise interventions [148]. 
Surgical interventions 
Adults with severe obesity have the greatest impairment in HRQOL and are also 
most likely to undergo surgical interventions to lose weight [27, 111, 119]. The body 
of literature investigating changes in HRQOL with weight loss are typically 
undertaken following bariatric surgery. Systematic reviews have reported that weight 
loss as a result of bariatric surgery improves HRQOL and that these improvements 
are sustained following surgery [33, 149-151]. It was consistently reported that the 
physical rather than mental aspects of HRQOL are impaired with excess weight and 
consequently showed most improvement in weight loss. One study [27] showed 
substantially improved SF-36 physical and MCS scores that reached normal 
community levels and were maintained for four years when 46 ± 16% of the excess 
weight was lost. A shorter study with 24 months follow up showed significant 
HRQOL improvements in all eight domains of the SF-36 following substantial 
weight loss (21% of initial weight) associated with bariatric surgery, while only three 
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of the domains of the SF-36 improved in participants undergoing non-surgical weight 
loss (5.5% of initial weight) [28]. This study highlights that the degree of HRQOL 
improvement is likely directly related to the degree of weight loss in adults with 
severe obesity, but the relationship appears to be far more complex [17, 25, 152]. 
This is due to the changes in comorbid conditions, influences of dieting on social 
activities and likely increase in physical activity during and following weight loss. It 
is not clear why HRQOL improvements following surgically induced weight loss 
exceed BMI matched norms; however, it appears that the degree and perhaps the 
method of weight loss may influence these outcomes. 
Lifestyle interventions 
A study [153] using a VLED that resulted in significant weight loss (approx. 20% 
initial weight) reported HRQOL improvements for the physical function domain only 
when assessed using the SF-36. Although the extent of weight loss alone is not 
sufficient to predict the extent of HRQOL improvement, it appears there is a dose-
response relationship, and that these improvements are most likely first observed in 
the areas of physical function and self-esteem when modest weight loss occurs [65, 
67, 154]. When evaluating HRQOL further, it appears that HRQOL may actually be 
further impaired in the early phase of weight loss [133, 153, 155], but this has not 
been reported in surgical weight loss studies. These unique findings may be 
attributed to a lack of sustained weight loss, weight regains, weight cycling or 
perceived failure with regard to weight loss targets, which do not typically occur 
with surgical weight loss methods [156, 157]. Given the relationship between weight 
loss and improved HRQOL, it is expected that weight regain will reduce HRQOL. 
Interestingly, it appears that HRQOL declines occur more slowly than the degree of 
weight regain, and while HRQOL does deteriorate, some HRQOL improvements are 
maintained at 12 and 24 months after weight regain [21, 152, 158]. Blissmer and 
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colleagues [21] highlighted the trend of the physical rather than mental domains and 
summary scores tracking more closely with weight loss and regain. This further 
highlights the possibility of other intervening factors that affect HRQOL which are 
typically associated with dietary weight loss approaches such as planned or 
inadvertent changes to physical activity behaviours. 
The dramatic improvements in HRQOL following substantial weight loss as a result 
of surgical interventions are promising, however, these approaches are not available 
to all. Dietary weight loss interventions will continue to be the most accessible 
intervention in clinically severe obese adults, yet there is very little evidence for 
these approaches alone to elicit substantial improvements in HRQOL. The weight 
loss success achieved through energy-restricted diets in clinically severe obesity will 
continue to limit the longevity of improvement when used alone. It is therefore 
important to identify methods that can enhance HRQOL without necessarily 
requiring additional weight loss. 
1.4.2 Exercise and Physical Activity: effects on HRQOL 
A consistent positive association is seen between physical activity and HRQOL in 
randomised controlled trials (RCTs), cross-sectional and observational studies [24]. 
Some evidence suggests a dose-response relationship exists between exercise and 
HRQOL that is linear [159] for intensity, and bell-shaped [160-162] for the total 
duration (volume) of exercise. One study [160], reported that HRQOL is decreased 
in populations when physical activity exceeded 90 minutes/day. A recommendation 
of 30 – 60 minutes of moderate intensity activity per day is suggested to be the most 
effective duration and frequency to improve HRQOL, while vigorous intensity 
physical activity offers greater benefits than moderate intensity [24]. This, however, 
may relate only to the long-term maintenance of physical activity as some evidence 
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suggests that the increase in physical activity associated with exercise training 
interventions may result in acute decreases in HRQOL scores [133, 155, 163]. This is 
underscored by studies showing exercise interventions one to three year follow up 
periods being associated with improvements in HRQOL [164, 165]. These acute 
reductions in HRQOL are typically identified in the physical domains, while 
psychological/mental domains show improvement [166]. It is possible that changes 
in physical activity increase muscle and joint pain or interfere with regular social 
activities in the short term, contributing to a reduction in HRQOL [153]. Ekkekakis 
et al. [167] suggest that a reduced sense of pleasure when participating in exercise 
may hinder adherence along with increased perceptions of pain. This lack of 
enjoyment may be overcome through the appropriate prescription of intensity, which 
is sensitive to the needs and preferences of obese/clinical populations [168]. For 
individuals with obesity, it is thought that light intensity exercise will improve 
HRQOL to a greater extent than moderate-high intensity, however evidence to 
discriminate between exercise intensities has often been underpowered and therefore, 
inconclusive [169-171]. Imayama and colleagues [172] identified in their RCT that 
those in the exercise only intervention did not improve any domain of HRQOL 
compared to controls, while those in diet or diet and exercise training groups did. 
The combination of diet and exercise training led to improvement in 4 of 8 domains 
compared to only one in diet only intervention. This study is however limited by the 
use of a specific diseased population (postmenopausal women with overweight and 
obesity). While this is a limitation, the evidence suggests that exercise training does 
not necessarily have a negative effect on HRQOL but, weight loss is an important 
addition to exercise training for the greatest improvements. Perceived and 
measurable benefits of exercise training take time to become apparent and as such it 
is necessary to encourage consistent exercise participation and gradual progression 
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[133]. Studies investigating exercise-related improvements in HRQOL for obese 
populations should therefore be a longer duration, e.g. 12 months, in order to 
correlate benefits related to ongoing exercise participation.  
Both the physical and mental domains of HRQOL can be improved through long-
term (greater than six months or, considered to be in the maintenance phase of the 
trans-theoretical model for change [173]) engagement in exercise training in the 
absence of weight loss [24], however recent works suggest that mental domains show 
greater improvement than physical domains [166, 170, 174]. These improvements 
may be explained in a dose-response relationship with higher volumes (minutes∙wk-1) 
of exercise and physical activity resulting in greater improvements [175]. It must be 
considered that there is some uncertainty as to the direction of the relationship. An 
increased HRQOL may result in greater amounts of physical activity or vice versa 
[24]. These adaptations may occur independent of supervised exercise training, 
providing that exercise training adherence is appropriate to sustain chronic 
adaptations [176]. Improvements in aerobic fitness are associated with improvements 
in multiple domains, including anger, mood, bodily pain, physical functioning and 
vitality [177]. Some discussion identifies that these improvements relating to aerobic 
fitness may, however, be accounted for by adjusting for BMI [178]. The inclusion of 
at least two moderate intensity exercise sessions per week has been shown to 
improve overall mood in obese populations [179, 180].  
Engagement in physical activity is an independent factor for improvement of 
HRQOL in populations with obesity. No definitive guidelines can be determined, 
however shorter, more frequent (3-5 sessions.wk-1) bouts of physical activity appear 
to be more beneficial than longer duration (>90 minutes.session-1) less frequent bouts 
(≤ 2 sessions.wk-1) [24, 133, 159-162, 181, 182]. 
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1.4.3 Does exercise training augment improvements in quality of life induced by 
energy restriction for obese populations? A systematic review 
This section has been published: 
van den Hoek, D. J., Miller, C. T., Fraser, S.F., Selig, S.E. and Dixon, J.B., (2017). 
"Does exercise training augment improvements in quality of life induced by energy 
restriction for obese populations? A systematic review." Quality of Life Research: 1-
13. 
The work presented in the manuscript was completed with the co-authors. 
Reproduction of the following section is afforded to the authors for use in this thesis 
as per copyright agreement with the publishers. 
Introduction 
Globally, 10-14% of adults are considered obese [1]. In Europe and the Americas, 
the prevalence of obesity is double that of global figures [1]. More alarming is the 
increasing prevalence of obesity and the proportion of adults developing obesity 
beyond Class I (BMI 30-34.9 kg/m2), which has more than doubled in the past 20 
years. Increasing from approximately 75 million adults in 2000 to approximately 200 
million adults in 2015 [2]. As BMI increases so too does the risk of comorbid 
conditions [7, 9, 55], which places a greater cost on the healthcare system. In 
Australia, those with BMI ≥ 40 kg/m2 expend twice the cost of health services 
compared to those with a BMI ≤ 25 kg/m2 [12]. In addition to established obesity-
related impacts on cardiovascular, metabolic and musculoskeletal health [7-9, 55, 
63], obesity is also strongly associated with poorer HRQOL [6, 13, 17]. Quality of 
life refers to health concepts that represent basic human values that are relevant to 
functional status and well-being, regardless of age, disease, or treatment group [69-
71]. From the patient with obesity’s perspective, HRQOL is arguably the most 
important outcome measure [27].  
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Obesity is a lifelong challenge for many adults, being a chronic relapsing condition 
with few successful long-term solutions [30, 120]. Current interventions for weight 
loss among obese populations include behavioural and lifestyle interventions, 
pharmacology and surgery [28-30]. Lifestyle interventions which incorporate 
changes to diet, physical activity (any bodily movement produced by contraction of 
skeletal muscle which results in a substantial increase over resting energy 
expenditure [23]) and exercise (a type of physical activity consisting of a planned, 
structured and repetitive bodily movement with the intention of improving physical 
fitness [23]) are commonly utilised as frontline treatments to address severe obesity 
[31]. The addition of exercise training (repeated bouts of exercise with the intention 
to improve one or more aspects of strength and fitness [23]) to dietary interventions 
provides a small but significant increase in weight loss and aids in the greater 
maintenance of weight loss [68, 131]. Weight loss independent of physical activity or 
exercise intervention, in treatment seeking, adults with obesity is positively 
associated with improvements in HRQOL, particularly in the physical domains as 
these are more impaired initially [33, 67, 183]. Interestingly, the reasons for 
impairment and improvement in HRQOL may differ between men and women. 
Women identify dissatisfaction with body shape and size and are the primary 
impetus for weight loss while men identify dissatisfaction with weight and obesity-
related co-morbidities as the impetus for change [16]. This implies that males 
identify impairment predominantly in the physical domains of health while women 
appear to be more affected psychologically.  
Higher levels of physical activity and exercise are associated with better HRQOL 
amongst the general population, including adults who are overweight or obese [24]. 
In the absence of weight loss, the mental (emotional role, self-efficacy, stress, 
depressive symptoms and overall well-being), rather than the physical domains of 
22 
 
HRQOL are more positively influenced by physical activity for non-treatment 
seeking, adults with obesity or normal weight adults across all age ranges [24, 175, 
178]. Improvements in anger, mood, bodily pain, physical functioning and vitality 
are associated with gains in aerobic fitness (capacity of the circulatory and 
respiratory systems to supply and utilise oxygen during sustained physical activity 
[133]) in older adults of healthy weight and, those with obesity [177]. Several 
exercise programming inputs may contribute to these improvements, with exercise 
supervision, intensity, frequency and duration having been examined previously 
[169-171, 175, 180]. These exercise variables are noted to result in varying weight 
loss and HRQOL outcomes within representative samples of the general population, 
where a dose-response relationship exists that is linear for intensity [159] and bell-
shaped for total duration with less than 20 minutes per day or, more than 90 minutes 
per day associated with poorer HRQOL [160-162].  
It is unclear if exercise, when added to energy restriction, provides favourable 
HRQOL outcomes when compared to energy restriction alone in adults with obesity. 
The aim of this systematic review was to examine the impact of adding exercise to 
energy restriction on HRQOL for obese individuals intending to lose weight. 
Methods 
Search Strategy 
Medline, Cinahl, PsycINFO electronic databases were searched for randomised 
controlled trials published in English. This search was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses [184] with 
the final search taking place on September 12th, 2016. Multiple search terms were 
used including obese, exercise, energy restriction and quality of life along with their 
derivatives. Full search terms are available within the supplementary materials. Titles 
and abstracts of results were then assessed for relevance with full-text articles then 
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obtained and assessed for final inclusion. Reference lists of included articles were 
then searched to identify any additional studies for inclusion. Two authors DV and 
CM independently assessed the suitability of each study for inclusion. Disagreements 
were resolved by discussion between the two researchers.  
Inclusion and Exclusion Criteria 
Studies eligible to be included in this review were randomised controlled trials 
published in English in peer-reviewed journals. Refinement of the inclusion criteria 
used the PICOS (participants, intervention, comparators, outcomes and study design) 
framework [184]. Participants of interest were humans aged 18+ years. Studies were 
eligible for inclusion if mean BMI of participants was at least 30kg/m2, participants 
were randomised to energy restriction or energy restriction plus exercise 
interventions and where the method and/or amount of energy restriction was 
consistent between intervention groups. Energy restriction plus exercise interventions 
were required to include a structured exercise program rather than ad libitum 
exercise. Studies utilising pharmacotherapy, bariatric surgery and lifestyle education 
were not considered for inclusion. Outcomes and variables of interest included BMI, 
any generic or disease-specific HRQOL (both domain and summary) and exercise 
variables (intensity, frequency, total weekly duration, type).  
The use of Cohen’s d effect size allows for comparison of results between trials. Due 
to the large heterogeneity of studies and reporting methods, a standardised mean 
difference approach simplifies outcomes into a more comparable format. This 
method also allows for interpretation of results in comparison to one another, in the 
absence of statistical significance. Authors of included studies who used the Short 
Form (36) Health Survey (SF-36 [185]) were contacted and invited to provide further 
data (raw data or all domain and summary scores) for inclusion in this review and to 
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enable a meta-analysis. Just one author responded but declined to provide further 
data due to issues relating to data access.  
Risk of bias assessment 
Studies were assessed using the Downs and Black [186] Checklist. This validated 
method provides an overview of the strengths and weaknesses of studies. This 
information has been provided to assist the reader to evaluate the quality of the 
evidence provided. All studies scored at least 21 out of a possible 30 points and no 
studies were excluded based on this assessment. This assessment is provided in Table 
S1 of the supplementary data.  
Results 
The electronic search of databases returned 952 potentially eligible studies. The titles 
and abstracts were assessed and 628 articles were excluded as they did not meet the 
inclusion criteria. The full-text of the 20 papers was retrieved. A further 12 articles 
were excluded as they were not randomised control trials (n =6), did not examine 
energy restriction compared to energy restriction plus exercise (n = 2) or the method 
or degree of energy restriction was not consistent between groups (n =4), leaving 
eight articles. A manual search of the reference list of these articles identified one 
additional article suitable for inclusion (Figure 2). The authors investigated the use of 
a meta-analysis using a random effect model, however, the heterogeneity of included 
study protocols and selective reporting of outcome measures prevented the 
generation of a meaningful interpretation. As such, a systematic, narrative review has 
been presented. 
25 
 
Literature search
Databases:Medline, Cinahl, Psychinfo
Electronic database search results (n = 952)
Medline (n = 579)
Cinahl (n = 215)
PsychInfo (n = 158)
Filtered for: Human subjects, adults and english language.
Results screened on basis of title and abstract (n = 267)
Excluded(n = 247)
Unrelated to topic (n = 225)
Reviews (n = 20)
Duplicates (n = 2)
Full text articles retrieved (n = 20)
Articles assessed against inclusion/exclusion criteria
Excluded (n = 12)
Not RCT (n = 6)
Not ER vs EREX (n = 2)
Inconsistent method of ER (n = 4)
Articles known to the authors or 
contained within reference lists (n = 1)
Articles included in this 
systematic review (n = 9)
 
Figure 2 Flow chart of selection process for studies included in systematic review 
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 Characteristics of included studies 
The baseline measures and characteristics of the studies included in this review are 
described in Table 1. Nine papers [153, 164, 172, 187-192] were included, but two 
papers [164, 192] reported on the same study cohort using different instruments and 
so eight studies (with 9 outcome papers) were included. A total of n = 972 
participants with average BMI 34.1 kg/m2 and a mean age range of 29-70 years were 
assessed across the eight study protocols. Four of the studies comprised female 
participants only [172, 188, 189, 191]. Intervention duration ranged from 10 weeks 
to 18 months. Energy intake was restricted by 500 – 1500 calories/day. All studies 
compared energy restriction with either, combined aerobic and resistance training 
[164, 187, 190-192], resistance training only [193] or aerobic training alone [153, 
172, 189, 191]. All are referred to herein as energy restriction plus exercise (EREX). 
Training duration ranged from 180 to 300 min.wk-1 distributed across three to five 
days and was of light to vigorous intensity (Light: <40% Heart rate reserve (HRR) 
moderate: 40-60% HRR, vigorous: 60-85% HRR [133, 181]). All except one 
protocol included a supervised aspect of exercise training ranging from one to five 
supervised sessions/wk [153, 164, 172, 187, 189, 191-193]. All studies utilised 
patient-reported outcome measures (PROs). A description of the number of items 
(questions or scales) and all domains of HRQOL assessed are provided in Table S2 
of the supplementary data. These measures have been validated in clinical cohorts 
and allow assessment of the effects of treatment in specific clinical situations [194].  
The SF-36 was utilised in five studies and consists of 36 items with eight domain 
scores relating to physical and mental wellbeing, PCS and MCS scores. Two studies 
reported only the PCS and MCS scores [187, 192] while three reported scores for 
some [153, 193] or all of the eight domains assessed through the questionnaire [172]. 
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The eight individual domains assess HRQOL in relation to physical, mental and 
social wellbeing. These domain scores are combined to generate the physical and 
mental component summary scores (see Table S2) [195]. A single study used the 
Impact of Weight on Quality Of Life – Lite (IWQOL-Lite) [164] to assess the effects 
of obesity on mental and physical domains of HRQOL. The IWQOL-LITE consists 
of 74 questions and produces eight domain scores and a total score. The three 
remaining studies made use of primary HRQOL assessment tools including the 
Asthma Quality of Life Questionnaire (AQLQ is a 32 item tool which produces four 
domains and a total score) [190], General wellbeing schedule (GWBS is an 18 item 
tool which produces six domains and a total score) [189] and polycystic ovarian 
syndrome questionnaire ((PCOSQ) a 26 item tool which produces five domain scores 
relating to symptoms of polycystic ovarian syndrome) [191]. Each of these tools has 
been validated previously for assessment of HRQOL within the populations 
associated with the diseases to which they refer but not all are validated in obese 
populations [71, 196-201]. 
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Table 2 Baseline measures and characteristics of randomised clinical trials examining energy restriction with and without exercise intervention for changes in quality of life included in this review. 
Reference Study duration Participants Group (n) Age ± SD Sex (M/F) BMI ± SD Energy restriction protocol Exercise protocol 
Nieman et al. (2000) 
[189] 12 weeks 
Healthy obese females 
aged 25 – 70 yrs. 
Completing less than 60 
minutes of mod-vig 
aerobic training/wk. 
ER (26) 
 
EREX (22) 
45.6 ± 1.1 
0/26 
 
0/22 
33.1 ± 0.62 
 
1200 to 1300 kcal/d intake. 
 
5 x 45 minutes of aerobic 
training/wk, at 60% to 80% of MHR, 
for 12 weeks 80% supervised. 
Napoli et al. (2014) 
[164] 
Villareal et al. 
(2011) [192] 
12 mo. 
Frail, obese, older adults 
(≥65 yrs), completing less 
than 60 minutes regular 
exercise/wk, weight stable 
and stable medication. 
ER (26) 
 
EREX (28) 
 
70 ± 4 
 
9/17 
 
12/16 
37.2 ± 4.5 
 
37.2 ± 54 
Energy deficit of 500–750 
kcal/d from daily 
 requirements. 
90 min (~15 min flexibility, ~30 min 
aerobic, ~30 min 
resistance training, and ~15 min 
balance exercises) 3 times weekly. 
Imayama et al (2011) 
[172] 12 mo. 
Women aged 50-75 years; 
body mass index (BMI) ≥ 
25.0 kg/m2 
(if Asian-American ≥ 23.0 
kg/m2); < 100 minutes/wk 
of moderate or vigorous 
intensity physical activity; 
post- 
menopausal; not taking 
hormone replacement 
therapy for 
the past 3 months; 
ER (118) 
 
EREX (117) 
58.1 ± 5.9 
 
58.0 ± 4.5 
0/118 
 
0/117 
31.0 ± 3.9 
 
31.0 ± 4.3 
Caloric intake of 1200- 2000 
kcal/d based on baseline 
weight. 
 
45 minutes per day of moderate-to-
vigorous intensity (70-85% MHR) 
aerobic training, 5/wk. 3 supervised 
sessions per week. 
Messier et al (2013) 
[187] 18 mo. 
Ambulatory, community- 
dwelling persons age 55 
years or older, 
osteoarthritis of one or 
both knees, BMI 27-41 
kg/m2 and a sedentary 
lifestyle (<30 minutes/wk 
of formal exercise for the 
past 6 months). 
ER (152) 
 
EREX (152) 
66 ± 6 
 
65 ± 6 
44/108 
 
43/109 
33.7 ± 3.8 
 
33.6 ± 3.6 
Energy-intake of at least 
1100kcal for women and 
1200kcal for men. Deficit of 
800 to 1000 kcal/d. 
 
 
1 hour 3 d/wk. 
Aerobic training (30 min), resistance 
training (20min), cool-down 
(10min). 
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Reference Study duration Participants Group (n) Age ± SD Sex (M/F) BMI ± SD 
Energy 
restriction 
protocol 
Exercise protocol 
Scott et al (2013) 
[190] 10 weeks 
Overweight and obese (BMI 28–40 
kg/m2) non-smoking 
adults with asthma. 
ER (15) 
 
EREX (13) 
44.7 ± 14.7 
 
33.9 ± 11.5 
7/8 
 
6/7 
34.7 ± 4.0 
 
32.7 ± 3.4 
885–1170 
kcal/d intake 
Minimum 3 exercise sessions/wk  
(1 supervised) including aerobic 
and resistance training.  
Goal of 10,000 steps/d. 
Thomson et al 
(2010) [191] 20 weeks 
Overweight and obese women with 
PCOS 
ER (14) 
 
ERAEX 
(15) 
 
ERAREX 
(20) 
 
 
29.3 ± 0.7 
0/14 
 
0/15 
 
0/20 
 
 
36.1 ± 0.5 
~1433 kcal/d 
intake 
ERAEX aerobic training 45 min 
at 75–80% MHR 5/wk. 
 
ERAREX 
aerobic training 45 min at 75–
80% MHR 3/wk. 
Resistance training 
3 sets of 12 repetitions. 
5 Exercises 65–75% 1RM, 2/wk. 
 
Snel et al (2012) 
[153] 
16 weeks 
 
18 month follow-
up 
Obese, insulin-dependent T2DM adults. 
ER (14) 
 
EREX (13) 
56 ± 2 
 
53 ± 3 
6/8 
 
8/5 
37.9±1.4 
 
36.4±1.1 
~450 kcal/d 
1 hour aerobic training. 
5/wk (1 supervised) cycle 
ergometer 70% VO2max. 1/wk. 
Messier et al (2010) 
[193] 6 mo. 
Overweight and obese (BMI ≥27 
kg/m2), sedentary (< 2 hours/wk 
structured exercise), women. 
ER (89) 
 
EREX (48) 
58 ± 4.7 
 
57.2 ± 5.2 
0/89 
 
0/48 
32.2 ± 4.6 
 
32.6 ± 4.9 
Energy deficit 
of 500–800 
kcal/d from 
daily 
 requirements. 
Supervised resistance training, 6 
exercises 3/wk. Volume increased 
periodically. 
BMI: Body Mass Index. ER: Energy restriction. ERAEX: Combined energy restriction and aerobic exercise. EREX: Combined energy restriction and exercise. ERAREX: Combined energy restriction, aerobic 
and resistance exercise. F: Female. Kcal/d: Kilocalories per day. M: Male. MHR: Maximum heart rate. PCOS: Poly-cystic ovarian syndrome. SD: Standard deviation. T2DM: Type 2 diabetes mellitus 
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The effect of exercise participation on quality of life  
Five studies [153, 172, 187, 192, 193] utilised the SF-36 to assess HRQOL, 
demonstrating inconsistent results of the additive benefit of exercise in addition to 
energy restriction across summary and domain scores (Table 2). Messier et al. [187] 
and Villareal et al. [192] reported summary scores for the SF-36 physical and mental 
components. The results of these studies are difficult to compare to the three other 
studies [153, 172, 193] utilising the SF-36 due to different reporting methods. 
Messier et al. [187] and Villareal et al. [192] did not find a statistically significant 
difference between groups in either the PCS or MCS scores. Based on our 
calculation of effect size, the addition of exercise to energy restriction produced a 
small positive effect for the PCS score (Table 2) in the study by Messier et al. [187]. 
The three remaining studies which utilised the SF-36 [153, 172, 193], reported most 
or all of the individual domain scores for the SF-36 (Table 2). Physical function, 
role-physical and vitality all improved significantly for the EREX group compared to 
the ER group in the study by Imayama et al. [172]. Snel et al. [153] reported an 
additional benefit of exercise with energy restriction when compared with energy 
restriction alone for the general health domain only. Messier et al. [193] did not 
report a significant difference between groups for any of the domain scores. The 
calculated Cohen’s d effect size for studies shown in Table 2 indicates that there is 
no consistency for the effect of exercise on domains and summary scores of the SF-
36. Effect size calculation was also performed for Napoli et al. [164], which was the 
only study to use a weight specific HRQOL assessment tool. This study reported 
significant differences between groups in physical function, self-esteem, sexual life 
and IWQOL-LITE total scores with the addition of exercise to energy restriction. 
There was no difference between groups for the domains of work or public distress. 
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Table 3 shows a small to very large effect for the addition of exercise training to 
energy restriction when compared to energy restriction alone.  
Scott et al. [190] used the AQLQ which is an asthma-specific health-related quality 
of life tool. In this study, the addition of exercise to energy restriction did not show 
any additional benefit for HRQOL compared to energy restriction alone. Thomson et 
al. [191] utilised the PCOSQ which assesses HRQOL specific to symptoms of 
polycystic ovarian syndrome. The study showed that the addition of exercise to 
caloric restriction did not result in differences in HRQOL between groups. However, 
both groups demonstrated significant improvement from baseline measures in all 
domains except for body-hair. Nieman et al. [189] measured HRQOL using the 
GWBS. Improvements in the GWBS are associated with improvements in well-being 
and decreased negative feelings. In this study, the addition of exercise to energy 
restriction resulted in significantly improved psychological well-being scores 
compared to energy restriction alone. A summary of weight loss and HRQOL 
outcomes for energy restriction compared to energy restriction plus exercise groups 
is provided in Table 4. 
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Table 3 Calculated Cohen’s d effect size for randomised clinical trials comparing energy restriction to energy restriction plus exercise to assess HRQOL as measured by the SF-36. 
 Study Effect of exercise 
Outcome 
Measure 
Messier  
2013 
 [187] 
Villareal 
2011 
[192] 
Snel 
2012 
[153] 
Messier  
2010 
[193] 
Imayama 
2011 
[172] 
 
SF-36 Physical 
component 
summary 
0.33+ 
 
0.15+    Small effect calculated for Messier favouring diet and exercise intervention compared to diet intervention. No effect 
of diet and exercise intervention compared to diet intervention for Villareal. 
SF-36 Mental 
component 
summary 
0.15+ 
 
0.10+    No effect of diet and exercise intervention compared to diet intervention for Messier or Villareal. 
Physical 
Functioning 
  0.18+ 
 
0.08+ 0.31+* 
 
No effect for diet and exercise intervention compared to diet intervention for Snel and Messier (2010), small effect 
favouring diet and exercise intervention calculated for Imayama. 
Role Physical 
 
  0.66+ 
 
0.22+ 0.38+* 
 
Moderate effect favouring diet and exercise calculated for Snel and small effect favouring diet and exercise 
calculated for Messier (2010) and Imayama.  
 
Bodily Pain 
 
  0.59+ 
 
0.39+ -0.12+ 
 
Moderate effect favouring diet and exercise intervention for Snel, and small effect for Messier (2010). No effect of 
diet and exercise intervention for Imayama. 
 
General Health 
 
  0.88+* 
 
-0.19 0.00+ 
 
Large effect favouring diet and exercise identified by Snel, no effect identified for Messier (2010) or Imayama. 
 
Social 
Functioning 
 
  0.00+ 
 
0.00+ 0.25+ 
 
No effect for diet and exercise intervention comparted to diet intervention for Snel, small effect favouring diet and 
exercise intervention for Imayama. 
 
Role Emotional 
 
  1.37+ 
 
 0.19+ 
 
Large effect favouring diet and exercise intervention for Snel, no effect for Imayama. 
 
Vitality     0.26+* 
 
Small effect favouring diet and exercise intervention for Imayama. 
Mental Health 
 
   0.020+ 0.79+ 
 
Intermediate effect favouring diet and exercise intervention for Imayama. No effect for Messier (2010) 
 
+ Indicates values were calculated from published data. * indicates p value < 0.05 as reported in original data. 
Interpretation of Cohen’s d effect size: d ≥ 0.2 =small effect, d ≥ 0.5 = moderate effect, d ≥ 0.8 = large effect d ≥ 1.3 = Very large effect. 
SF-36: Short Form 36 Medical Outcomes Survey. 
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Table 4 Cohen’s d Effect Size for exercise intervention during energy restriction for a single study utilising a weight specific quality of life measure, (Napoli 2014). 
 
 
 
 
 
 
 
 
 
 
 
Outcome Measure Cohen’s d Effect Size Assessment 
IWQOL-LITE Total 
 
1.76+* 
 
Very large effect favouring combined diet and exercise 
intervention. 
IWQOL-LITE Physical 
Function 
 
0.69+* 
 
Moderate effect favouring combined diet and exercise 
intervention. 
IWQO-LITE Self Esteem 
 
0.37+* 
 
Small effect favouring combined diet and exercise 
intervention. 
IWQO-LITE Sexual Life 
 
0.80+* 
 
Large effect favouring combined diet and exercise 
intervention 
IWQO-LITE Public 
Distress 
 
0.43+ 
 
Small effect favouring combined diet and exercise 
intervention 
IWQO-LITE Work 
 
0.51+ 
 
Moderate effect favouring combined diet and exercise 
intervention 
+ Indicates values were calculated from published data. * indicates p value < 0.05 as reported in original data. 
Interpretation of Cohen’s d effect size: d ≥ 0.2 =small effect, d ≥ 0.5 = moderate effect, d ≥ 0.8 = large effect d ≥ 1.3 
= Very large effect. 
IWQO-LITE: Impact of Weight On Quality of Life Questionnaire. 
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Table 5 Weight change and quality of life outcomes of included studies following energy restriction with and without exercise. 
Author (Year) N = 
Baseline 
weight [kg] 
(SD) 
Change in weight 
from baseline [kg] 
(SD) [95% CI] 
Weekly Exercise 
volume 
(min/wk) 
Exercise intensity 
(Light, Moderate, Vigorous) HRQOL outcomes following intervention 
Nieman et al. 
(2000) [189] 
ER 22 
EREX 26 
90.6 
89.9 
-7.8+ 
-8.1+ 225 Mod-Vig 
GWBS: No significant difference 
POMS: No Significant difference 
 
 
Napoli et al. 
(2014) [164] 
ER 26 
EREX 28 
104.1 (15.3) 
99.1 (16.8) 
-9.7 (5.4) 
-8.6 (3.8) 
270 Mod-Vig 
IWQO-LITE TTL: EREX > ER p = 0.007 
Physical function: EREX > ER p = 0.007 
Self-esteem: EREX = ER p = 0.24 
Sexual life: EREX > ER p = 0.009 
Public distress: EREX = ER p = 0.15 
Work: EREX = ER p = 0.11 
 
Villareal et al. 
[192] 270 Mod-Vig 
SF-36 MCS (6 months): No significant difference 
SF-36 PCS (6 months): No significant difference 
SF-36 MCS (12 months): No significant difference. 
SF-36 PCS (12 months): No significant difference 
Imayama et al 
(2011) [172] 
ER           118 
EREX     117 
84  (11.8) 
82.5 (10.8) 
-7.1+ 
-8.9+ 225 Mod-Vig 
SF-36 Physical function: EREX > ER p = <0.01 
SF-36 Role-physical: EREX > ER p = <0.01 
SF-36 Bodily pain: EREX = ER p = 0.12 
SF-36 General health: EREX vs ER p = 0.57 
SF-36 Vitality: EREX > ER p = <0.05 
SF-36 Social function: EREX = ER p = 0.43 
SF-36 Role emotional: EREX = ER p = 0.09 
SF-36 Mental health: EREX = ER p = 0.06 
 
Messier et al 
(2013) [187] 
ER            152 
EREX      152 
93.4 
93 
-8.9 (22.33)+ 
-10.6 (22.01) + 180 Light 
SF-36 MCS (6 months): No significant difference 
SF-36 PCS (6 months): No significant difference 
SF-36 MCS (18 months): No significant difference. 
SF-36 PCS (18 months): No significant difference 
 
 
 
35 
 
Author (Year) N = 
Baseline 
weight [kg] 
(SD) 
Change in weight 
from baseline [kg] 
(SD) [95% CI] 
Weekly Exercise 
volume 
(min/wk) 
Exercise intensity 
(Light, Moderate, Vigorous) HRQOL outcomes following intervention 
Scott et al 
(2013) [190] 
ER 15 
EREX 13 
101 (17.6) 
96.7 (9.3) 
-8.4 (4.4) 
-8.2 (5.1) 
60 (Prescribed) Goal of 
10,000 steps/day. Light AQLQ: No significant difference 
Thomson et al 
(2010) [191] 
ER              14 
ERAEX      15 
ERAREX   20 
 
-8.9 (5.98) + 
-11 (6.58) + 
-8.7 (5.81) + 
225 Moderate - Vigorous PCOSQ: No significant difference 
Snel et al (2012) 
[153] 
ER 26 
EREX 28 
113 (22.44) + 
114 (18.02) + 
-23.7 (1.6) 
-27.2 (1.9) 300 Moderate 
No significant difference at 16 weeks for all except general health: EREX > 
ER p = 0.039 
 
18 months 
SF-36 Physical function: EREX vs ER p = 0.242  
SF-36 Social function: EREX vs ER p = 0.618 
SF-36 Role-physical: EREX vs ER p = 0.219 
SF-36 Role emotional: EREX vs ER p = 0.469 
SF-36 Bodily pain: EREX vs ER p = 0.506 
SF-36 General health: EREX > ER p = 0.027 
SF-36: Health change: EREX vs ER p = 0.646 
 
Messier et al 
(2010) [193] 
ER 89 
EREX 48 
83.6 (14.4) 
84.1 (15.0) 
-5.2+ 
-5.8+ 135 Light SF-36 Domain scores: No significant difference 
+ Indicates values were calculated from published data. 
ER: Energy restriction. ERAEX: Combined energy restriction and aerobic exercise. EREX: Combined energy restriction and exercise. ERAREX: Combined energy restriction, aerobic and resistance exercise. Kcal/d: 
Kilocalories per day. MHR: Maximum heart rate. SD: Standard deviation. 
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Discussion 
This systematic review examined the available evidence regarding any additional 
benefits of exercise training on HRQOL when added to energy restriction during 
weight loss interventions for adults with obesity. The evidence is inconclusive due to 
small sample sizes and heterogeneous study designs that included variable reporting 
methodologies. Lifestyle interventions comprising combinations of energy restriction 
and/or exercise are considered important strategies for individuals with obesity who 
are trying to lose weight. It is generally accepted that exercise training provides small 
additional weight loss benefits during periods of energy restriction, but the 
translation of this to any improvements in HRQOL is not well understood. If 
HRQOL is improved over and above that offered by energy restriction alone, then 
this could be an important psychosocial benefit of this model of lifestyle 
intervention. A clearer understanding of the effect of exercise, when combined with 
energy restriction, would help to guide clinical decision making for clinicians 
working with adults suffering from obesity, particularly those with poor HRQOL. 
Whilst this review is inconclusive, it did point to some evidence that the addition of 
exercise training to energy restriction may confer additional benefits for HRQOL. 
A disease-specific HRQOL tool might be preferred, however, a generic HRQOL tool 
such as the SF-36 provides greater opportunity to compare across studies and 
populations [194, 202]. Differences in reporting of HRQOL outcomes [187, 192] and 
the use of disease-specific tools [191] for conditions that are not expected to respond 
to exercise treatment may explain some of the differences across studies. For 
example, Villareal et al. [192] and Napoli et al. [164] report on the same sample. 
However, Villareal et al. [192] examined HRQOL via a generic measure and did not 
find significant between-group differences, while Napoli et al. [43] examined 
HRQOL using a weight-specific measure and did find between-group differences. 
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This suggests weight-specific HRQOL may be more sensitive to the effects of 
exercise on HRQOL relative to generic measures. Thomson et al. [191] used a PCOS 
specific HRQOL assessment tool and found no significant differences between 
groups. This suggests that in some cases, a disease-specific tool may not be sensitive 
to the effects of exercise on HRQOL in comparison to generic measures. A challenge 
in comparing studies in this review using a similar tool was the lack of complete 
reporting of all scales for the respective PRO’s. Guidelines for the reporting of 
HRQOL outcomes from RCT’s, highlight the importance of presenting all scales of 
the instruments to enable a clearer interpretation of study outcomes and to aid in 
across study comparison [194, 203]. Following these recommendations also aids in 
meeting the CONSORT guidelines for reporting of RCT’s [202]. This review 
highlights that the choice of HRQOL tool is an important consideration, however, the 
consistency of reporting is equally or more important. Standardising the reporting of 
HRQOL by presenting all available scale scores will enhance the quality of research 
in this area and possibly provide more clarity regarding the role of exercise in 
addition to energy restriction. 
Previous research in adults with obesity supported the notion that higher levels of 
physical activity are associated with greater HRQOL [24]. Current exercise 
guidelines suggest 150 minutes of moderate to vigorous intensity exercise per week 
to be effective for improving HRQOL in the general population [181], but there are 
no specific guidelines for adults with obesity. Studies included in this review showed 
no consistent trend for total weekly exercise duration, frequency, exercise type 
(aerobic or resistance training) or intensity that could lead to improvements in 
HRQOL for adults with obesity. There were three studies [153, 164, 172] that 
reported benefits in some domains of HRQOL when participants completed 225 
min/wk or more of moderate to vigorous intensity exercise across three to five 
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sessions. However, there was an equal number of studies [189, 191, 192] which met 
this criterion that did not demonstrate improvement in HRQOL compared to energy 
restriction alone. Further to this, Imayama et al. [172] and Messier et al. [188] 
reported on similar populations with comparable energy restriction and variations in 
intervention duration and prescribed exercise intensity. The positive effects for the 
addition of exercise to energy restriction in the study by Imayama et al. [172] may be 
explained by greater intervention period, or exercise intensity (moderate compared to 
light) for obese post-menopausal women. These results, however, may not be 
transferable to broader populations with obesity. These results warrant further 
investigation in order to better understand the effects of these variables on HRQOL 
when combined with energy restriction. It is well understood that weight loss alone 
improves HRQOL, however, it is important to understand whether the addition of 
exercise provides additive benefits. Additionally, exercise prescription variables may 
play an important role for improvement of HRQOL. There is yet to be definitive 
exercise prescription guidelines for improvement of HRQOL in the general 
population irrespective of BMI or weight loss intention. With regard to the sex of 
participants, studies did not differentiate responses between sexes. Due to this, it is 
not possible to determine whether males or females respond differently to the 
addition of exercise to energy restriction. It is recommended that further research 
evaluates whether exercise training provides additive HRQOL benefits during energy 
restriction and whether any benefit differs between males and females. Further, 
future studies should also aim to define the most effective exercise training variables 
including mode, intensity, duration, frequency and structure that can enhance 
HRQOL in adults with obesity during energy restriction.  
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Limitations of this review 
The review is limited by the small number of studies included and the substantial 
heterogeneity between them. It is also further limited by the lack of response from 
authors of studies using the SF-36. Further detail provided by these authors would 
allow for more in-depth comparisons and the possibility of a meta-analysis to be 
conducted. Due to the limited BMI ranges of studies included in this review, results 
of this review are also limited in their ability to be generalised to the more obese 
populations. We are also limited in our ability to compare effects across genders, 
ages and other demographic variables. For these reasons, we are limited in the 
conclusions which can be drawn from the included studies but have been able to 
highlight areas of focus for future research and reporting. 
Conclusions 
This review found that there is currently insufficient evidence to support the 
hypothesis that exercise training during energy restriction offers additional benefits 
in HRQOL compared to energy restriction alone. Future studies should consider 
standardising the reporting of HRQOL in accordance with CONSORT guidelines. 
Despite a lack of evidence for HRQOL enhancement with the addition of exercise to 
energy restriction, exercise should continue to be an important component of obesity 
management based on its other well-known benefits in lowering cardiometabolic risk 
and improving morbidity and mortality outcomes.  
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1.4.4 The effect of weight loss for management of depression  
The strong relationship between increasing levels of overweight, obesity and 
depression is well recognised [96]. As excess weight increases so too do the 
likelihood of depression. The odds ratio for obesity increasing the risk of depression 
were 1.55 (95% CI [1.2 – 1.9]) [96]. Weight loss achieved by any method is likely to 
result in improvements in depressive symptoms with non-pharmacologic methods 
(lifestyle or surgical weight loss intervention) being most effective [204]. 
Studies which have investigated depressive symptoms and disorders among bariatric 
surgery patients have demonstrated improvement that is associated with post-surgery 
weight loss [100, 205, 206]. It is also reported that the presence of depressive 
disorders at baseline may be a predictor of poorer weight loss following surgery 
[207]. While depressive disorders may be a predictor of weight loss, significant 
improvement in depressive disorders has been reported. Some trials have 
demonstrated that the number of participants scoring in the normal range for 
depressive symptoms can increase from 20% at baseline to 70% up to four years 
post-intervention, however, these studies have limitations which must be considered 
[100, 205]. The use of self-reported height and weight, loss of participants to follow-
up [207], participants demonstrating only moderate impairment at baseline and 
currently seeking only surgical intervention for weight loss [100] limit the 
interpretability of these results. 
Regardless of compliance with programs, weight loss shows a consistent positive 
relationship with improved depressive symptom scores [208-210]. While there 
appears to be a consistent improvement in depressive symptom scores with weight 
loss programs, meta-analyses [204] have shown significant improvement in 
depressive symptoms in the absence of weight loss. This finding suggests that weight 
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loss and physical activity are independent factors for improving depressive 
symptoms. One other hypothesis to explain these results is that the social interactions 
and the engagement in a weight loss lifestyle program (successful or not) may also 
play a role in improvements [211]. A clear gap in the literature exists for studies that 
have examined the effect of lifestyle-induced weight loss on depressive symptoms in 
severely obese populations, in particular women, who are likely to have worse 
depressive symptoms. 
1.4.5 The effect of exercise for management of depression 
The treatment of depressive disorders typically involves the use of 
pharmacotherapies which incorporate selective serotonin reuptake inhibitors, 
serotonin and norepinephrine reuptake inhibitors and other drugs which selectively 
target neurotransmission [212]. Further treatments utilising lifestyle modification and 
in particular exercise interventions have also been examined [213, 214].  
Aerobic exercise is as effective as pharmacotherapy for treating depression [215-
218]. Clinically and statistically significant improvements in Beck depression 
inventory (BDI) scores were seen in a study where participants engaged in 30 
minutes, moderate to vigorous walking or jogging three times weekly [217]. This 
result has been repeated in a later study [215]. These improvements were also 
maintained at 6 months follow up in the exercise group who also showed lower rates 
of relapse to depressive symptoms [218]. Studies examining pharmacotherapy with 
and without the addition of exercise showed mixed results [217, 219]. Amongst 
people with type 2 diabetes, the use of exercise shows conflicting results when 
compared to usual care [220]. This may in part, be attributable to the prescribed 
intensity of exercise being too low, short intervention periods and studies failing to 
report the proportion of participants with elevated symptoms of depression at 
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baseline [220]. These findings do not, however, diminish the role of exercise in the 
treatment of depression since recent systematic reviews in broader populations 
support exercise training as an important or complementary treatment for depression 
[221-223]. Although definitive recommendations for the optimal dose of exercise 
required cannot be drawn from these reviews, improved depressive symptom scores 
are typically reported when as little as 120 minutes∙wk-1 of physical activity is 
completed and may be protective for future mental health. Amongst severely obese 
populations, few studies have included long-term follow-up, hence, it is unclear if 
improvements may occur following extended intervention and if they revert after 
intervention ceases or is modified. 
1.4.6 The effects of diet and exercise interventions for the management of 
depression  
Weight loss [100], exercise [172], and lifestyle modification [224] are effective 
treatment modalities for the treatment of depression when used alone or as adjunct 
therapies to psychotherapy and pharmacotherapy in both healthy weight and obese 
populations. In the general population, exercise training offers similar benefits to that 
of pharmacotherapy [215, 225-227]. There may also be a dose-response relationship 
between depressive symptoms and frequency of exercise with greater frequency 
providing greater benefit [228]. Systematic reviews conducted between 2001 and 
2013 [214, 221, 229-234] identify that a clear guideline for exercise prescription 
cannot be drawn based on the current literature, however consistent improvement in 
depressive symptoms is seen with exercise intervention.  
Moderate energy restriction in conjunction with regular exercise results in significant 
improvement in depressive symptoms in interventions ranging 12-24 weeks  
[189, 235, 236]. Overall, evidence suggests that lifestyle interventions using 
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supervised exercise training are more effective than pharmacotherapy or exercise 
alone for the treatment of depressive symptoms [179, 180, 204].  
1.4.6.1 Diet and exercise interventions and their effects on depression in clinically 
severe obesity 
Studies examining the effect of exercise in addition to energy restriction for adults 
with severe obesity have reported significant improvement in measures of depression 
[153, 164, 191, 237]. However, these improvements were not maintained at follow-
up periods between 10-78 weeks post-intervention and used numerous tools to assess 
outcomes (geriatric depression scale (GDS) [164], BDI [237], Profile of Mood States 
(POMS) [237], Hospital Anxiety and Depression Scale (HADS) [191] and Centre for 
Epidemiologic Studies Depression Scale (CES-D) [153]). Weight regain from 
intermediate time points to final follow-up may explain the lack of sustained 
improvement in these studies as explained in a systematic review [238]. 
The inverse relationship between physical activity and depression has been described 
in several systematic reviews [214, 221, 229-234]. It is plausible that due to the 
reduction in the number of supervised exercise sessions for two studies [153, 237] an 
increase in depression scores is noted between time points. Cessation of supervised 
exercise and a transition to self-management may be in part responsible for the lack 
of persistence of improvements.  
The exercise variables that are most effective in improving depression are currently 
unclear. Within populations with clinically severe obesity, the current knowledge of 
energy restriction on depression outcomes is further limited.
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1.4.7 Weight loss intervention and its effects on anxiety 
The relationship between anxiety disorders and weight status is complex and unclear 
[14, 99, 102, 103]. Weight loss interventions may provide anxiolytic effects, with 
lower BMI being associated with decreased incidence of anxiety in the general 
population and those with overweight and obesity [14, 99, 102, 103]. In contrast, 
systematic reviews have suggested that the use of pharmacological treatments for 
weight loss is associated with a threefold increased risk of anxiety disorders [198]. 
Weight loss has been suggested to reduce the risk of anxiety symptoms in a number 
of studies [208-210], conversely modest (7kg) to significant (30kg) weight loss has 
been reported to have no effect on anxiety scores [239, 240]. Anxiety may be 
increased because of uncertainty regarding weight regain and physical and 
psychological changes related to weight loss [172, 240, 241]. This suggests that 
weight loss alone may not be the most effective means of improving anxiety. 
Combined lifestyle interventions incorporating dietary weight loss and exercise may 
potentially be more beneficial for reducing anxiety symptoms. 
Anxiety disorders are reported to be predictive of weight loss outcomes [41, 199], 
however, the possible links between obesity and anxiety have been investigated 
much less thoroughly than for depression [2, 199, 200]. While anxiety may be 
predictive of weight loss, weight change is not a primary influence of a positive 
change in anxiety symptoms [99, 242]. Considering pharmacological weight loss 
methods have shown little effect on reducing anxiety symptoms, other strategies for 
weight loss should be explored, for example, exercise therapy.  
1.4.8 Exercise training and its effects on anxiety 
Exercise therapy has been demonstrated to be effective as an anxiolytic and as such 
should be explored as an adjunct to weight loss to better clarify the role of lifestyle 
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interventions reducing symptoms of anxiety [243]. Although a smaller number of 
studies have investigated the association between exercise and anxiety (compared to 
that of depression [225]), evidence shows that among the general population, 
exercise has an anxiolytic effect [243-248].  
In those with anxiety disorders (including post-traumatic stress disorder (PTSD) and 
GAD), aerobic exercise has consistently demonstrated an anxiolytic effect as a stand-
alone and adjunct therapy [249]. Moderate to vigorous aerobic exercise is effective in 
reducing anxiety symptoms [244-246], however, these studies were observational 
and thus, cause and effect was unable to be determined, highlighting a need for 
further RCTs. In RCTs, aerobic, anaerobic and resistance training are all effective in 
reducing anxiety symptoms [243, 248, 250-252]. Although such research is 
promising, very few studies have explored the effect of exercise on anxiety 
symptoms in severely obese female populations, a group which represents a most at-
risk population for the development of anxiety symptoms.  
1.4.9 Diet and physical activity interventions and their associations with anxiety in 
severely obese populations 
There is clear evidence that exercise training can have a positive influence on 
symptoms of anxiety within the general population [253, 254]. However, RCT’s 
[153, 237] in adults with severe obesity reported that the participants did not have 
anxiety-related impairments at baseline. Consequently, neither study reported 
improvements in measures of anxiety. The use of exercise as an acute anxiolytic is 
well supported in the general population [243-248], however, a need for further 
rigorous RCTs in adults with severe obesity, using combined exercise and dietary 
interventions is evident. 
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1.5 Factors influencing initiation and sustained engagement in lifestyle weight-loss 
programs amongst obese women 
Considering women with severe obesity are at a greater risk of poor physical and 
mental health problems [7, 9, 13, 14, 55], it is important that lifestyle weight-loss 
interventions are developed to best support this group. In order to do this, it is vital 
that the factors influencing involvement of women with severe obesity in such 
programs (i.e. the barriers and facilitators to physical activity and exercise) are 
investigated. This information can be used to better inform the development of 
targeted strategies for optimising initiation and ongoing participation (weight-loss 
related) physical activity interventions in this at-risk group. 
The influences that affect initiation or maintenance of physical activity behaviour 
change can be explained using the social-ecological model. This model posits that 
personal, social, physical and environmental factors can influence participation in 
physical activity [255]. The perceived barriers to exercise engagement are greater 
than those for dietary change among populations with obesity [39, 40]. Although 
research has investigated attitudes, barriers, facilitators and experiences of exercise 
among various populations with overweight and obesity [37, 39, 41-44], little has 
been done to explore these factors amongst women with severe obesity. The 
following section describes the current understating of factors influencing 
engagement in physical activity in populations with obesity and severe obesity. 
1.5.1 Intra-personal influences on physical activity 
Adults place little emphasis on physical activity and exercise as means of weight loss 
or as an addendum to dietary intervention [39, 40, 256]. Individuals with overweight 
and attending a health club believe that exercise enhances appearance and self-image 
more so than individuals of healthy weight  [43], while individuals with severe 
obesity who have undergone bariatric surgery see little benefit of engaging in 
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exercise [257]. Women with severe obesity target a BMI of 27kg/m2 equating to a 
weight loss of approximately 40% of initial body weight [258]. They also 
acknowledge that healthy weight range is likely to be unattainable and this lack of 
success acts as a barrier to participation [259]. Individuals with severe obesity and in 
particular women, report themselves to be “too fat” to exercise [260], lacking 
motivation and enjoyment [167, 261] or lacking the skill for participation in exercise 
[262]. These factors also contribute to feelings of embarrassment and intimidation, 
especially when exercising with healthy weight individuals [167]. As such, those 
with severe obesity prefer home-based exercise, due to issues related to self-
confidence and body image [42]. A perceived lack of skill to perform exercise is also 
linked to an increased fear of injury, this fear is greater in adults with severe obesity 
than those with lesser BMI [43, 257]. Women with obesity also self-report laziness 
as a perceived barrier to initiation of moderate intensity physical activity [206] while 
initiation of resistance training, in particular, is hindered as it is viewed as a 
masculine activity [42, 43, 263]. These factors are compounded for women (in 
particular mothers) identifying a lack of time as their most significant barrier to 
engagement in regular physical activity [236]. While there are substantial intra-
personal barriers to engagement in regular exercise or physical activity, personal 
appearance and improved health are the most significant motivators for initiation of 
physical activity engagement amongst women with obesity [41, 261]. This is 
significant as normal weight populations typically identify fun/enjoyment and stress 
management as motivators [261]. These findings highlight the need for physical 
activity interventions to address these intra-personal factors. The ability for 
interventions to effectively address and overcome intra-personal factors through 
intervention is not well explored. Further, populations with severe obesity are less 
often examined for their specific adaptations to physical activity intervention. If 
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exercise practitioners are able to better understand and address fears and enhance 
motivators, this will contribute to greater participation in physical activity. Social and 
environmental factors must also be considered as these play a role in influencing and 
compounding intra-personal factors [255].  
1.5.2 Social influences on physical activity  
Social factors play a significant role in the uptake and continuation of physical 
activity programs for women with obesity. Societal perceptions, fat shaming, and 
degradation form considerable barriers to physical activity and are compounded by 
other social factors [94]. Many individuals with obesity identify a lack of support 
from partners and spouses [41, 264]. Adults with obesity also report stigma and 
perceived lack of support from healthcare practitioners as barriers [265], which are 
exacerbated by some practitioners placing the onus of obesity management on the 
patient [256]. Another study reported that general practitioners are reluctant to bring 
up weight as an issue until recognised by their patients [266]. This does not diminish 
the role of general practitioners or domestic partners as they and other health 
professionals are able to play an important role in encouraging weight management 
and uptake of physical activity in individuals with obesity. 
Social factors form significant barriers to initiation and continuation of regular 
physical activity but are not insurmountable. Previous poor experience including 
weight-related bullying as a child [39, 267], stigma as an adolescent and adult [37, 
39], and media programs which promote fat shaming [94], all play a negative role for 
individuals with obesity with regard to physical activity initiation and maintenance. 
While family commitments, normative behaviours and difficulty changing habits act 
as barriers to physical activity [268, 269]. Populations with severe obesity identify 
playing with their children, supervision of programs by professionals and clearly 
defined post-intervention support as motivating social factors for initiation and 
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maintenance of physical activity [41, 270]. This insight is invaluable for 
practitioners. For example, it is possible for practitioners to utilise the motivation for 
participants to play with their children to overcome the resistance to adopt regular 
physical activity posed by their time commitments. These concepts have not been 
well examined but would prove useful for the design of future interventions. One 
study [271] identified that health professionals trained in the use of motivational 
interviewing enhanced uptake of physical activity in populations with obesity. 
Another study [42] reported that the addition of specialist advice reduced opposition 
to adopting resistance training, improved knowledge and confidence, and aided 
participants to overcome social and intra-personal barriers. Thus, supervision from 
appropriately qualified health professionals beyond lesser trained personal trainers 
appears to be of more benefit for initiating and maintaining physical activity in 
populations with obesity [270]. This is likely due to their additional skills in health 
coaching and motivational interviewing [271]. 
1.5.3 Physical environmental influences on physical activity 
The physical environment plays a role in influencing intra-personal and social 
barriers and facilitators to exercise. The external factors which make up the 
environment act as both barriers and facilitators to physical activity depending on the 
context and beliefs of those involved [270]. Access to facilities is a significant 
predictor of physical activity behaviour in populations with normal and overweight 
but shows little to no association for adults with obesity [255]. This may be due to 
those with obesity, and to a greater extent, severe obesity identifying fewer 
opportunities to access facilities due to a lack of self-efficacy and comfort when 
selecting facilities. Weather patterns within local environments also exacerbate this 
issue, as access to outdoor facilities is inhibited and others may not be heated or 
cooled effectively [270, 272]. This may lead individuals with severe obesity to 
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perceive a lack of appropriate facilities rather than there being a true dearth of 
availability.  
Qualitative research identifies that women with severe obesity prefer to exercise 
indoors due to feelings of safety and comfort [42]. Obesity is more prevalent among 
populations who perceive their neighbourhood to be unsafe [273]. Reasons for 
neighbourhoods being identified as unsafe include, poor walking surfaces, bad 
weather, no benches or places to rest, inadequate lighting and heavy traffic [274]. 
This furthers the rationale for the encouragement of indoor activities and the use of 
home-based exercise programs amongst those with obesity and severe obesity.  
In order to effectively initiate and maintain participation in exercise and physical 
activity programs, interventions for populations with obesity and severe obesity 
should primarily address cognitive and psychosocial barriers to exercise including 
shame, stigma, self-efficacy and availability of supportive relationships. These 
barriers appear to be most significant in influencing initiation and maintenance of 
physical activity within these populations [41, 263, 264]. As intra-personal and social 
barriers are more difficult to address, this also suggests that environmental barriers 
and facilitators are more easily modified for preferable outcomes. 
Women with severe obesity experience a multitude of influences to physical activity, 
which is related to all aspects of the social-ecological model. In particular, intra-
personal and social factors have shown to be key influences of physical activity in 
populations with obesity [41, 263, 264]. There is a lack of evidence examining the 
influences on physical activity in women with severe obesity. Considering the 
influences on physical activity amongst women with severe obesity women are likely 
to differ from those of the general population and those of women with overweight 
[255, 256], it is important to investigate specifically what these may be. This will 
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help support the translation of research into clinical practice. In-depth qualitative 
methods provide rich insights into previously unexplored areas. This can be used to 
identify the specific challenges or barriers, beliefs and facilitators which may 
influence regular participation in physical activity for women with severe obesity, 
prior to, during and following interventions. Such research and evaluation aims to 
enhance program design and translation to clinical practice for the severely obese 
female population and can aid in an understanding of what aspects of interventions 
are most effective to enhance participation and retention beyond the intervention 
period.   
1.6 Summary  
Almost 40% of Australians aged 15 years and over are insufficiently physically 
active [275] and 10% of women have severe obesity [53]. Women with severe 
obesity are relatively understudied despite their risk of developing poorer HRQOL 
and mental health. They also display reduced rates of employment, low 
socioeconomic status, and exacerbated rates and degrees of cardiometabolic, 
musculoskeletal diseases and psychosocial impairments [7, 8, 17, 18, 100, 204, 225, 
238]. Although there is extensive research investigating the effects of exercise 
training and weight loss for changes in cardiometabolic risk and body composition in 
adults with overweight and obesity, this review has highlighted that there is a lack of 
evidence on whether exercise training further improves HRQOL, depressive or 
anxiety symptoms in women with severe obesity during an energy-restricted diet. 
The evidence shows that both weight loss and exercise independently improve 
HRQOL and symptoms of depression, but it is not clear whether there are additive 
effects of combining both interventions in women with severe obesity [24, 33].  
The extent of weight loss observed following bariatric surgery results in substantial 
HRQOL improvements commensurate with levels reported in general population 
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norms [27, 99, 100]. This is an important outcome as better HRQOL is associated 
with reduced depressive symptoms in this high-risk population group [276]. It is not 
known whether similar improvements can be achieved with modest weight loss with 
or without the addition of exercise training. Because the extent of weight loss 
achieved with bariatric surgery is not possible with lifestyle interventions, a better 
understanding of whether energy restriction with or without exercise training leads to 
a better than expected HRQOL outcome based on BMI is required. 
Lifestyle interventions for adults with severe obesity often have limited long-term 
success [147, 277]. The success of an exercise training and diet intervention may be 
influenced by how well the program caters for intra-personal, social and 
environmental needs of this at-risk group. Although there are common intra-
personal, social and environmental influences to exercise participation in the broader 
population of adults with overweight and obesity, it is not clear whether there are 
unique factors that influence the initiation and continued participation in regular 
exercise training in women with severe obesity. 
1.7 Aims and hypotheses 
1.7.1 Aims 
The specific aims of each study as part of this thesis are detailed in the relevant 
chapter. The overall aims of this thesis are to investigate;  
i) the effect of exercise during energy restriction in women with clinically 
severe obesity in relation to psychosocial health,  
ii) pre and post-intervention HRQOL in comparison with community-
dwelling controls, 
iii) the barriers and facilitators of exercise initiation and ongoing maintenance 
for women with severe obesity.  
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1.7.2 Hypotheses 
1. Women with clinically severe obesity undergoing concurrent energy 
restriction and exercise interventions will show greater improvements in 
HRQOL, depressive and anxiety symptoms than women undergoing energy 
restriction alone.  
2. At 12 months, women with severe obesity who undertook exercise training 
during energy restriction will report better HRQOL compared to BMI and 
age-matched Australian female controls. 
3. Women with severe obesity enrolled in the energy restriction and exercise 
intervention group will reach HRQOL equal to age-matched, healthy weight 
community normative values following the intervention.  
4. Women with obesity who undergo energy restriction with or without the 
addition of exercise training will report different influences on exercise pre to 
post-intervention. 
The following thesis chapters will outline three studies which will add to the current 
understanding of the effect of exercise training during energy restriction on 
psychosocial health and explore factors influencing exercise participation for women 
with clinically severe obesity. Therefore the first study (12-month RCT) will 
evaluate whether the addition of exercise training to energy restriction leads to 
greater psychosocial health in women with clinically severe obesity. The second 
study will further evaluate the extent of change in HRQOL by comparing to the 
community and BMI-matched controls. The third study investigates the intra-
personal, social, and environmental factors that influence the initiation and ongoing 
participation in exercise training in a sub-sample of participants from study one. 
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2 Experimental Design and Ethics 
Background 
Data reported in this thesis was collected by the candidate as part of a larger 
randomised controlled trial, the EMPOWER study, conducted in collaboration 
between Deakin University and the Baker Heart and Diabetes Institute (BHDI). 
Dietetic support, medical screening and supervision, data collection and research 
support were provided by BHDI. Deakin University provided Accredited Exercise 
Physiologists, body composition assessment (using dual X-ray absorptiometry), 
facilities for exercise training and research support. The full protocol of the 
EMPOWER study has been published previously [278]. The candidate is a co-author 
of the published protocol and its contents have been included as an appendix 
(Appendix A) with the permission of the publishers and co-authors.  
The key aspects of the study relating to each component of this thesis are detailed 
within their respective chapters. First, intervention methods and data used to examine 
differences in psychosocial health outcomes for women with obesity undergoing 
energy restriction with and without exercise are detailed in Chapter 3. The same 
sample of women was used for a cross-sectional comparison of HRQOL to 
Australian population norms (derived from the Australian Longitudinal Study of 
Women’s Health; ALSWH) in Chapter 4. Finally, a qualitative analysis of influences 
of exercise for women with obesity was conducted amongst a sub-sample of women 
from both groups of the EMPOWER study, detailed in Chapter 5.  
Briefly, The EMPOWER study for women was an RCT which recruited 60 women 
with obesity from the Melbourne area (Australia), between September 2010 and June 
2015, to be randomised to energy restriction with or without the addition of exercise 
training. All data was available for analysis from July 2016. Inclusion criteria were 
57 
 
pre-menopausal women aged 18-50 years, BMI ≥ 30 kg/m2, not meeting physical 
activity guidelines and have obtained medical clearance to participate in regular 
exercise of moderate to vigorous intensity. The primary focus of this study was to 
examine the effect of adding exercise to energy restriction for fitness, body 
composition and physical function. The EMPOWER main outcomes manuscript has 
been submitted for publication with the candidate as a co-author.  
2.1 Experimental design 
Despite women with severe obesity being identified as being at risk of poorer 
HRQOL, only a small number of studies have specifically investigated this 
population [148]. This research aims to examine the effects of exercise on HRQOL, 
depressive and anxiety symptoms in women with severe obesity and to better 
understand the specific intra-personal, social and environmental factors which 
influence initiation and maintenance of regular exercise amongst women with severe 
obesity.  
The first study of this thesis (Chapter 3), was an RCT, conducted to further the 
understanding of the impact of exercise training when combined with energy 
restriction on HRQOL, depressive and anxiety symptoms. The findings of this study 
will aid in directing future research examining the additive benefits of exercise to 
weight loss for improvement of HRQOL and psychosocial health. This may also 
translate into clinical practice as findings can be used to assist in goal setting and 
intervention design when working with women with severe obesity. 
The second study of this thesis (Chapter 4), was a cross-sectional analysis designed 
to demonstrate the degree to which HRQOL may be improved beyond that of what is 
expected following weight loss intervention. A positive finding would support the 
notion that HRQOL can be improved beyond BMI matched norms and align with 
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that of healthy weight populations. This finding would support the additive value of 
exercise to energy restriction and serve as a significant motivator for severely obese 
women undergoing weight loss and act as a goal setting target. Clinical practice may 
also be enhanced as practitioners are able to target improvements in HRQOL without 
the need for participants to achieve normal or healthy weight. 
The third study (Chapter 5) was a qualitative analysis of participants’ attitudes and 
experiences of exercise. This has provided insights into the intra-personal, social and 
environmental factors which affect women with severe obesity in terms of their 
capacity to commence and then sustain regular exercise. The accounts given by 
women with severe obesity regarding exercise-related barriers, facilitators and fears 
may inform health and exercise practitioners and better enable them to improve the 
health and quality of life of women with severe obesity. This study will assist 
exercise practitioners to move beyond their understanding of typical exercise 
parameters such as, sets and repetitions. 
Overall, this research will provide a greater understanding of the role of exercise 
training for facilitating improvements in psychosocial health in women with severe 
obesity. This should provide an evidence base for clinicians to recommend exercise 
as part of standard care for individuals with severe obesity. This research will also 
inform clinical exercise practice guidelines enabling practitioners to better 
understand and consider the complex intra-personal, social and environmental needs 
of this population group. Overall this may lead to improvements in the standard of 
care provided to women with severe obesity. 
2.2 Human Research Ethics and Clinical Trials Applications 
Deakin University HREC application approved. Project number: 2011‐154 
Alfred HREC application approved. Project number: 330‐11 
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Amendment to Deakin University and Alfred HREC projects for the inclusion of 
Study Three (qualitative enquiry) approved February 2016.  
Australia and New Zealand clinical trials registry approved. ANZCTR number: 
ACTRN12611000694910. 
Use of data from the Australian Longitudinal Study of Women’s health approved 
September 2016. Study registry number: A651A.  
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3 Study 1. Changes to psychosocial health women with obesity 
following energy restriction with and without exercise 
3.1 Introduction 
Obesity is a global epidemic. In Europe, the Americas and Australia, prevalence is 
double that of global figures [2]. Of great concern is the proportion of adults with 
severe obesity (BMI >35kg/m2 class II & III), the number of which has more than 
doubled in the past 20 years, with twice as many women than men in this category 
[2]. As BMI increases so too does the risk of comorbid conditions and complications, 
which places a greater cost on the healthcare system [7, 9, 55]. In Australia, the cost 
of healthcare for those with BMI ≥ 40 kg/m2 is twice that of adults with a healthy 
weight (BMI ≤ 25 kg/m2) [12]. In addition to established obesity-related impacts on 
cardiovascular, metabolic and musculoskeletal health [7-9, 55, 63], obesity is also 
strongly associated with poorer HRQOL and psycho-social health [6, 13, 17, 33]. 
Adults with obesity, in particular, females [90], are suggested to be more likely to 
suffer from depressive symptoms than non-obese counterparts [83-89] and there is 
evidence suggesting that obesity is linked to increased risk of anxiety [14, 88, 102-
105]. Further, poorer HRQOL is associated with increased symptoms of depression 
and anxiety [276, 279, 280]. The differences in HRQOL impairments associated with 
obesity and its sub-groups have been examined previously [14, 17, 24, 25, 87]. The 
most notable findings unique to women with obesity are that they tend to identify 
dissatisfaction with body shape and size and that this is reported to be the primary 
impetus for weight loss [16]. Perceived effects of treatment on HRQOL guide 
clinical decision making, patient compliance and represent a key outcome measure 
relative to patient expectations and acceptance of treatment [281-283]. For this 
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reason, it can be argued that HRQOL may be the most important outcome measure 
for women with obesity [27].  
Lifestyle interventions (e.g. exercise and diet) are identified as the first line treatment 
for the management of obesity and its related co-morbidities and complications [31]. 
HRQOL, depressive symptoms and to a lesser extent anxiety, improve relative to the 
degree of weight loss achieved for adults with severe obesity [16, 17, 22, 25, 28, 83-
85, 284, 285]. Weight loss achieved through lifestyle interventions are more strongly 
associated with improvements in the physical domains (e.g. physical functioning, 
role physical, bodily pain and general health) as these are typically more impaired 
initially [67, 183]. In the absence of weight loss, the mental (emotional role, self-
efficacy, stress, depression and overall well-being), rather than the physical domains 
of HRQOL are more positively influenced by physical activity for non-treatment 
seeking adults with obesity, or normal weight adults across all age ranges [24, 175]. 
As women with obesity are more impaired in mental domains than men in 
comparison to their healthy weight counterparts [17, 18, 81], and because exercise 
has the strongest influence on these domains, women may respond better to 
intervention which includes exercise. It is accepted that exercise independently 
improves HRQOL and depressive symptoms in the general population but little 
research has investigated this association in populations with severe obesity [24]. Of 
the studies that have [153, 164, 191, 192], findings have been mixed. These studies 
are of varying duration, the degree of energy restriction and recruit specific clinical 
populations such as obese women with; poly-cystic ovarian syndrome [191], older 
aged adults with obesity [164, 192], and, type two diabetes [153]). It is clear that 
very low energy diets are effective for reducing weight in adults with obesity [131]. 
However, our systematic review demonstrated that the effect of adding exercise to an 
energy-restricted diet on HRQOL is not clear [148]. Therefore, we conducted an 
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RCT which examined the effects of exercise in addition to energy restriction for 
improving subject reported outcomes for HRQOL, depressive and anxiety symptoms. 
We hypothesised that exercise training in addition to energy restriction for women 
with severe obesity would confer greater benefits for HRQOL, depressive and 
anxiety symptoms than energy restriction alone. This study compared dietary energy 
restriction-induced weight loss with the addition of exercise training (EXER) to 
dietary energy-restricted weight loss alone (ER) for improvements in HRQOL, 
depressive and anxiety symptoms in women with obesity. 
3.2 Methods 
The EMPOWER study for women was a 12 month RCT conducted in collaboration 
between Deakin University and the Baker Heart and Diabetes Institute from 2012-
2016. The full study protocol has been published previously [278] and is included as 
Appendix A. The study was approved by the Deakin University Human Research 
Ethics Committee (reference, 2011–154), the Alfred Human Research Ethics 
Committee (reference, 330/11) and was registered with the Australian New Zealand 
Clinical Trials Registry (ACTRN12611000694910). 
3.2.1 Participants and recruitment 
Participants were recruited through adverts placed in local print media, Deakin 
University and Baker networks. Participants were females, aged 18-50 years, BMI 
>30 kg/m2, currently completing less than 150 min/wk of moderate-vigorous 
physical activity and willing to attend all testing, training and consultation sessions. 
Participants were ineligible if they had type 1 diabetes, active musculoskeletal 
conditions that limited exercise participation, were pregnant, planning pregnancy in 
the next 12 months or breastfeeding, had experienced weight loss greater than 5 kg in 
the past 3 months, currently used weight loss medication, had undergone weight loss 
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surgery in the past, or, currently used medication which significantly influenced 
weight (antipsychotic drugs, some corticosteroids, anticonvulsant drugs, Loperamide, 
Buscopan, insulin).  
3.2.2 Sample Size  
The EMPOWER study was designed to have sufficient power to detect differences in 
the primary outcomes of VO2peak, change in fat mass and lean body mass after 
accounting for a 25% drop-out rate. HRQOL is a secondary outcome measure, power 
analysis reveals that the study was 90% powered to detect a difference of at least 7 
points in domain scores (n = 15, α = 0.05, power 0.9) and a difference of 2 points in 
component summary scores (n = 7, α = 0.05, power 0.9) using the SF-36 
questionnaire at 12 months. Power analysis was based on studies using similar 
protocols for energy restriction and energy restriction plus exercise that reported SF-
36 domain or summary scores. The study by Snel et al. (2012) reported only six of 
the eight domains of the SF-36 while Messier et al (2013) reported only component 
summary scores. Power calculation was completed using G*Power version 3.1.9.2 
with a summary provided in Table 6. 
Table 6 Summary of data used for power calculation for domains and summary scores of the SF-36 questionnaire 
Measure Score (SD) EXER Score (SD) ER N required per group 
PF* 83 (5) 68 (7) 4 
SF* 87 (8) 80 (4) 15 
RP* 75 (9) 59 (11) 8 
RE* 100 (0) 86 (8) 4 
BP* 82 (8) 70 (6) 7 
GH* 68 (5) 51 (6) 3 
PCS+ 44.7 (1.3) 42.4 (1.3) 7 
MCS+ 57.2 (1.05) 54.9 (1.25) 6 
*: Denotes that data used for sample size calculation is based on the work of Snel et al. 2012 [153] 
+: Denotes that data used for sample size calculation is based on the work of Messier et al. 2013 [187] 
EXER: Exercise plus energy restriction, ER: Energy restriction 
PF: Physical function, SF: Social function, RP: Role physical, RE: Role emotional, BP: Bodily pain, GH: General Health, PCS: 
Physical component summary, MCS: Mental component summary. 
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3.2.3 Randomisation 
Participants were randomised individually by a researcher external to the project who 
had no contact with the participants prior to or during the trial. This researcher had 
no intellectual or personal investment into the study design or outcomes. The women 
were randomised into either (ER) or (EXER) groups using sealed opaque envelopes 
in blocks of six. The envelopes were stored in a locked cabinet within the 
independent researcher’s office. Each envelope contained a single sheet of paper 
identifying the group allocation. The sheet of paper was folded at least twice to 
reduce the chance of transparency. One envelope was chosen at random from the 
stack of six envelopes containing three of each group allocation (ER and EXER)  
until reduced to a single envelope; this was then combined with the next group of six 
envelopes to reduce the chance of predictability.  
3.2.4 Study Interventions 
All participants followed a calorie-controlled diet with the close support of an 
Accredited Practising Dietitian. The dietitian supervised care involved fortnightly 
consultations and education regarding the use of the VLED and any necessary 
modifications to enhance compliance and behaviour change. A significant reduction 
in daily calorie intake was achieved by using commercially available calorie-
controlled meal replacements (shakes/bars/soups; Optifast ®, Nestle Health Science, 
Australia), in place of regular whole food. The nutritional composition of these meal 
replacements was approximately 17-20g of protein, 13-25g carbohydrates and 10-
15g fats per serve. Each participant commenced the dietary intervention following 
the protocol below (Table 8). However, the final diet followed by each participant 
was individually tailored depending on the participant's needs using standard clinical 
decision making approaches to achieve an energy intake akin to the different phases 
of the original protocol. Consequently, the duration of meal replacement use and 
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transition to regular whole foods for each participant varied. Clinical decision 
making was designed to optimise participant adherence to an energy restricted diet 
with considerations for participant reported satisfaction with the meal replacement 
products the extent of weight loss achieved, general health and lifestyle 
considerations. A summary of the calorie restricted diet followed by all participants 
can be seen in Table 7.  
Table 7 Summary of dietary intervention for all participants 
Dietary phase 
Intervention 
period 
Number of 
meal 
replacements 
per day 
Additional food intake per day 
Total daily 
calorie 
consumption 
Phase 1 
 (Intensive phase) 
Weeks 1 - 12 3-4 
Low-calorie salad/vegetables (approx. 2 
cups), 
<800 Cal/day or 
<3360 kJ/day 
Phase 2  
(Transition phase) 
Weeks 13 - 
18 
2 -3 
Small, low-calorie, healthy meal, low-
calorie salad/vegetables 
800-880 Cal/day 
or 3360-3700 
kJ/day 
Phase 3 (Maintenance phase) Weeks 19-22 1-2 
Two, small, low-calorie, healthy meals, 
low-calorie salad/vegetables 
~1000 Cal/day or 
~4200kJ/day 
Phase 4 (Stabilisation phase) 
Weeks 23 - 
52 
No regular 
meal 
replacements 
3 portion-controlled, healthy meals per 
day, with ongoing advice and support 
from the Dietitian 
(~1200 Cal/day or 
~5000 kJ/day 
Cal: Calories kJ: Kilojoules 
3.2.5 Exercise training 
The EXER group followed the same energy restricted diet as ER (Table 8) with the 
support of an Accredited Practicing Dietitian. The exercise intervention consisted of 
a 12 month, supervised exercise program of individual exercise training. The 
supervised exercise training sessions were supplemented with a home based exercise 
training program. Table 8 provides a summary of the exercise intervention protocol.
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Table 8 Summary of supervised exercise sessions and goal exercise minutes for EREX group during each phase 
of intervention 
Supervision phase Intervention period Supervised exercise session frequency 
Goal total minutes of 
exercise per week 
Phase 1 (Intensive 
phase) Weeks 1 - 6 3 per week 200 - 250 
Phase 2 (Transition 
phase) Weeks 7 – 12 2 per week 300 
Phase 3 (Maintenance 
phase) Weeks 13 – 26 1 per week 300+ 
Phase 4 (Stabilisation 
phase) Weeks 26 - 52 1 per fortnight 300+ 
 
Each session consisted of approximately 20-30 minutes of aerobic (treadmill 
walking/running, stationary cycling or rowing ergometer) and 30-45 minutes of 
resistance training. The resistance exercise involved 6-10 different, predominantly 
multi-joint exercises for the upper and lower extremities. Participants progressively 
increased the volume and frequency of home based exercise during the period of the 
study so that all participants were to achieve a total weekly duration of 200-300 
minutes per week at a moderate to vigorous intensity (12-15 on the Borg ratings of 
perceived exertion scale [286]). 
3.2.6 Measurements and procedures 
All participants were tested at baseline, 3 months, 6 months and 12 months. Research 
staff were not blinded to participant randomisation, adhered to standardised 
procedures for all data collection ensuring consistency in the order of testing, used 
the same equipment for each test and were trained in management and storage of 
data collected.  
Health related quality of life 
The SF-36 is a generic, multi-purpose, short form health survey with 36 questions 
which yields an eight-scale profile of functional health and well-being, as well as two 
psychometrically based summary scores for physical and mental health [69]. The SF-
36 is the most widely utilised generic HRQOL assessment tool and represents an 
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international benchmark for assessment of HRQOL outcomes [69]. This tool has 
been shown to have satisfactory validity in patients with morbid obesity [287].  
The SF-36 produces eight health domain scales in which a higher score represents 
better health. The health domain scores produced by the SF-36 are: physical 
functioning, role-physical, bodily pain, general health, vitality, social functioning, 
role-emotional and mental health [69]. The User’s manual for the SF-36 Health 
Survey, 3rd Edition [69] outlines the scoring and purpose of health domain scales as 
shown below (Table 9). The SF-36 also produces overall mental and physical health 
summary scores, with higher scores indicating better health. While each summary 
score represents the broad physical and mental health components, all eight health 
domain scores are used to score both summary scores. Minimally important 
differences (MID) in SF-36 scores have been suggested to lie between two [288] and 
five [289] points for both, domain and summary scores. As such, Maruish [69] 
suggests that a compromise value of three points be used as a conservative 
assessment of MID for all summary and domain scores. 
Table 9 Summary of domains of the SF-36 adapted from Maruish 2011 [69]. 
Domain Number of questions Main focus 
Physical functioning 10 Relates to severe and minor limitations for physical activities including lifting, carrying, climbing stairs, bending, kneeling and walking moderate distances. 
Role-physical 4 Limitations in the type, duration and difficulty of performing work or other usual activities as well as accomplishing less 
Bodily pain 2 Intensity of bodily pain and its interference with usual work activities. 
General health 5 A rating of health (excellent to poor) and four further questions relating to views and expectations of health. 
Vitality 4 Feelings of tiredness and being worn out 
Social functioning 2 Quality and quantity of social activities and the impact of physical or emotional problems on these activities 
Role-emotional 4 Mental health-related role limitations including limitations in the duration and difficulty of performing work or other usual activities 
Mental health 5 Questions relating to depression, anxiety, loss of behavioural/emotional control and psychological well-being 
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Depressive symptoms 
In order to assess depressive symptoms, the current project utilised the Beck 
Depression Inventory - II (BDI) [290]. The BDI is a 21 item screening questionnaire, 
which is widely used, well-validated and has been found to show good reliability in 
obese populations [291]. It includes questions relating to various symptoms of 
depression that may have been experienced in the past two weeks, in which 
participants are required to rate themselves on a 4-point Likert scale (scores ranging 
0-3, responses “not at all” to “an extreme form of the described symptom”) [292]. 
Responses are then summed with higher scores on the BDI representing greater 
presence of depressive symptoms. Suggested cut-points are set at 0-13 points 
(minimal range), 14-19 points (mild depressive symptoms), 20-28 (moderate 
depressive symptoms) and 29-63 (severe depressive symptoms) [292]. A five point 
difference between test administrations is recognised as the minimally important 
clinical difference [293].  
Anxiety symptoms 
The Spielberger State and Trait Anxiety Inventory (STAI) is a widely-used measure 
of anxiety symptoms [294]. The self-report questionnaire indicates the presence and 
severity of current symptoms of anxiety along with general tendency to be anxious 
[294]. This tool consists of two questionnaires of 20 items each. The first 
questionnaire is used to measure state anxiety (e.g. current feelings of anxiety) while 
the second measures trait anxiety (general feelings of anxiety) [295]. Participants rate 
themselves on a 4-point Likert scale (score range = 1-4), with response options 
ranging from “not at all” to “very much so” for the state anxiety questionnaire, and 
“almost never” to “almost always” for trait anxiety [294]. Responses are summed 
(total scores ranging from 20-80 for each questionnaire), with higher scores in the 
first questionnaire indicating greater presence of anxiety symptoms. A cut-point of 
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39-40 indicates symptoms of state anxiety [296, 297]. Due to the nature of trait 
anxiety the test is more responsive to change in state anxiety but is a useful tool in 
assessing proneness to anxiety as a trait [294].   
Body Mass Index 
Participants removed footwear, jewellery and all clothing with the exception of 
underwear and a clinical gown prior to testing. Weight was measured using 
calibrated scales, weighing to the nearest 0.01 kilograms. Height was determined 
using a standard stadiometer measured to the nearest 0.01 cm with the participant 
standing tall in the anatomical position. BMI was determined using the following 
formula: weight (kg)/ height (m2). Three measurements were taken and the mean of 
the two closest measurements was used. 
Waist Circumference 
Waist circumference was measured using an inelastic measuring tape with the 
participant in the standing position. The tape was placed horizontally around the 
participant’s waist immediately above the height of the iliac crest [298]. Three 
measurements were taken and the mean of the two closest measurements was used. 
3.2.7 Analyses 
The data set consisted of all randomised subjects and were analysed following 
intention to treat with missing data assumed to be at random. Descriptive statistics 
(mean and standard deviation) were calculated by treatment group for all variables of 
interest at baseline. This was done to evaluate randomisation.  
Change from baseline to each post-baseline time point of intervention was compared 
between and within groups using linear mixed-models for repeated measures 
(MMRM) for primary and secondary variables. The MMRM included fixed effect 
(group), time (categorical), group and time interaction, and was adjusted for baseline 
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measurement by including baseline as a covariate. The model included all 
individuals who had at least one data point. Further, the model used an independent 
variance-covariance structure to model within-individual errors. There was no formal 
adjustment for multiple comparisons. Results are reported as mean and 95% 
confidence interval unless otherwise stated. All statistical analyses were performed 
using Stata (StataCorp version 14.2). 
3.3 Results 
This study recruited 60 women with obesity (mean (SD); BMI: 40.42 (6.68) 
kg/m2) aged 18-50 years (mean age: 37 (9) years). Baseline characteristics of 
participants were not different between groups (Table 10). Baseline BMI ranged 
from 29.81 to 54.48 kg/m2 for ER and 33.75 to 50.17 kg/m2 for EXER. A 
summary of the results of HRQOL outcomes is provided in Table 11. Forty-six 
(76%) participants completed the study however some participants failed to 
return questionnaires throughout the study duration resulting in 12 month, SF-36 
data being collected for 31 participants. Full details of participant drop out and 
number of participants analysed are reported in Figure 3. Attendance at 
supervised exercise sessions was 63%, and there was no difference in the number 
of dietary consultations attended by participants in each group. There were no 
differences in baseline characteristics of completers compared to non-completers 
(see Appendix B). At baseline, there were no statistically significant differences 
between groups for any domain or summary score of the SF-36, BDI or 
Spielberger Anxiety Questionnaire.  
 
 
73 
 
Table 10 Baseline characteristics of participants 
 Group N Mean Std. Deviation Std. Error Mean Sig. 
Age 
ER 30 35.9 10.3 1.9 
.401 EXER 30 37.9 7.7 1.4 
Weight 
ER 30 114.1 23.5 4.3 
.616 EXER 30 111.4 17.5 3.2 
BMI (kg/m2) 
ER 30 40.6 6.7 1.2 .810 
EXER 30 40.2 6.8 1.2 
Waist 
circumference 
(cm) 
ER 30 114.3 13.00 2.4 
.617 
EXER 30 112.7 11.59 2.1 
Hip 
circumference 
(cm) 
ER 30 130.2 14.3 2.6 
.930 
EXER 30 129.9 13.7 2.5 
ER: Energy Restriction, EXER: Exercise plus Energy Restriction 
 
Each intervention resulted in a significant weight loss (p<0.05) from baseline at all 
times as shown in Table 12. At three and six months, EXER lost significantly more 
weight than ER (p=0.027 and 0.018 respectively). BMI ranged from 26.61 to 51.77 
kg/m2 and 28.02 to 53.04 kg/m2 for ER at three and six months respectively. BMI 
ranged from 25.30 to 45.51 kg/m2 for EXER at three months and 22.51 to 54.80 
kg/m2 at three and six months respectively. Peak weight loss occurred at six months 
for both groups (EXER 19.8 ± 11.0kg; ER 12.0 ± 9.6kg). By 12 months, there was 
no statistical difference (p=0.157) in the amount of weight lost by either group. BMI 
ranged from 26.99 to 53.49 kg/m2 for ER and was 22.86 to 54.40 kg/m2 for EXER. 
Mean weight loss was 15.5 ± 14.7kg for EXER and 9.3 ± 13.9kg for ER (Table 12). 
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335 Women assessed for eligibility
60 Underwent randomisation
275 were excluded
Did not meet the inclusion criteria (n=213)
Declined to participate (n=62)
30 Were assigned to the Energy Restriction
only group (ER)
30 Were assigned to the Energy Restriction plus
Exercise Training group (EXER)
3 Discontinued intervention
Did not enjoy the diet (n=1)
Time commitment too great (n=1)
Travel too difficult (n=1)
3 month follow up
n=27
Number of participants analysed (n=19)
Excluded from data analysis (n=8)
Did not provide data (n=8)
3 Discontinued intervention
Work/study commitment (n=1)
Lost to follow up (n=2)
6 Month follow up 
n=24
Number of participants analysed (n=16)
Excluded from data analysis (n=8)
Did not provide data (n=8)
2 Discontinued intervention
Work commitments (n=1)
Lost to follow up (n=1)
12 Month follow up
n=22
Number of participants analysed (n=15)
Excluded from data analysis (n=7)
Did not provide data (n=7)
2 Discontinued intervention
Time commitment too great (n=1)
Lost to follow up (n=1)
3 Month follow up
n=28
Excluded from data analysis (n=9)
Did not provide data (n=9)
4 Discontinued intervention
Pregnancy (n=1)
No longer interested (n=1)
Work/study commitment (n=2)
6 Month follow up 
n=24
Number of participants analysed (n=20)
Excluded from data analysis (n=4)
Did not provide data (n=4)
12 Month follow up
n=24
Number of participants analysed (n=16)
Excluded from data analysis (n=8)
Did not provide data (n=8)
 
Figure 3 Consort diagram showing participant flow 
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Table 11 Weight and health-related quality of life change between groups over study duration 
Domain or summary 
score Group 
Baseline Mean 
(SD) 
Δ3 months [95% CI] 
(SD) 
Within-group 
sig at 3 months 
Group X Time 
Interaction at 3 
months 
Δ 6 months  
[95% CI] (SD) 
Within group 
sig at 6 months 
Group X Time 
Interaction at 
6 months 
Δ 12 months 
[95% CI] (SD) 
Within 
group sig at 
12 months 
Group X Time 
Interaction at 12 
months 
Weight (kg) 
ER 114.1 (23.6) -10.7 (6.8) < 0.001 0.027 -12.0 (9.6) < 0.001 
< 0.001 0.018 
-9.3 (13.9) 0.006 
0.001 0.159 EXER 111.4 (17.5) -14.8 (6.3) < 0.001  -19.8 (11.0) -15.5 (14.7) 
Physical Function 
ER 65.5 (24.9) 14.4 [5.9 – 22.8] < 0.001 0.240 19.7 [10.8 – 28.6] < 0.001 
0.131 
22.7 [13.6 – 31.8] < 0.001 
0.233 
EXER 73.4 (16.7) 15.4 [7.2 – 23.6] 0.001  22.6 [14.5 – 30.7] < 0.001 12.0 [3.4 – 20.7] 0.006 
Role Physical 
ER 69.6 (38.1) 22.5 [8.4 – 36.6] 0.002 0.731 22.6 [7.7 – 37.5] 0.003 
0.572 
19.1 [3.9 – 34.4] 0.014 
0.797 
EXER 70.7 (34.1) 19.2 [5.4 – 32.9] 0.006  26.6 [13.0 – 40.1] < 0.001 16.3 [1.7 – 30.8] 0.028 
Bodily Pain 
ER 71.5 (18.9) 3.9 [-4.6 – 12.4] 0.371 0.536 3.7 [-5.3 – 12.9] 0.419 
0.020 
0.6 [-8.8 – 9.9] 0.906 
0.865 
EXER 71.3 (21.0) 7.1 [-1.2 – 15.5] 0.094  16.1 [7.9 – 24.3] < 0.001 -0.3 [-9.2 – 18.0] 0.941 
General Health 
ER 42.2 (19.8) 12.8 [5.9 – 19.6] < 0.001 0.014 21.6 [14.3 – 28.9] < 0.001 
0.210 
14.5 [7.1 – 21.9] < 0.001 
0.003 
EXER 49.1 (15.9) 22.3 [15.6 – 28.9] <0.001  25.9 [19.4 – 32.4] < 0.001 27.4 [20.4 – 34.5] < 0.001 
Vitality 
ER 47.9 (16.5) 14.2 [5.4 – 22.9] 0.001 0.496 9.1 [-0.3 – 18.4] 0.057 
0.075 
5.5 [-4.1 – 15.0] 0.263 
0.006 
EXER 42.5 (16.9) 20.1 [11.6 – 28.6] < 0.001  21.2 [12.8 – 29.5] < 0.001 23.8 [14.8 – 32.9] < 0.001 
Social Functioning 
ER 74.3 (22.8) 12.0 [2.2 – 21.9] 0.016 0.669 9.7 [-0.7 – 20.1] 0.068 
0.214 
6.7 [-3.9 – 17.3] 0.218 
0.832 
EXER 74.2 (24.8) 14.4 [4.8 – 24.0] 0.003  13.9 [7.4 – 26.3] < 0.001 8.0 [-2.1 – 18.2] 0.120 
Role Emotional 
ER 69.0 (40.5) 18.3 [2.9 – 33.7] 0.020 0.438 6.2 [-10.1 – 22.5] 0.453 
0.038 
-4.1 [-20.8 – 12.6] 0.633 
0.048 
EXER 73.8 (35.6) 9.6 [-5.5 – 24.8] 0.213  22.8 [7.6 – 37.9] 0.003 12.8 [-3.2 – 28.8] 0.118 
Mental Health 
ER 65.6 (18.6) 5.3 [-1.9 – 12.6] 0.155 0.316 7.6 [-0.2 – 15.3] 0.055 
0.371 
2.1 [-5.9 – 10.0] 0.608 
0.007 
EXER 68.8 (16.3) 8.2 [1.1 – 15.3] 0.024  10.2 [3.2 – 17.1] 0.004 13.5 [6.0 – 21.1] < 0.001 
Physical Component 
Summary 
ER 45.5 (8.6) 3.9 [-0.1 – 7.9] 0.056 0.210 6.2 [1.9 – 10.5] 0.004 0.181 6.4 [2.0 – 10.8] 0.004 0.112 
EXER 45.9 (6.8) 6.6 [2.6 – 10.5] 0.001  9.2 [5.3 – 13.1] < 0.001 2.1 [-2.0 – 6.2] 0.320 
Mental Component 
Summary 
ER 43.1 (11.9) 5.4 [0.7 – 10.1] 0.025 0.760 4.0 [-0.9 – 9.0] 0.114 
0.206 
-0.3 [-5.4 – 4.8] 0.901 
0.002 
EXER 43.9 (9.1) 5.9 [1.3 – 10.4] 0.012  7.2 [2.7 – 11.8] 0.002 8.8 [3.9 – 6.4] < 0.001 
EXER: Exercise plus energy restriction, ER: Energy restriction n at baseline: ER (28), EXER (29) 
n completing SF-36 at 3-month follow-up: ER (19), EXER (19), 
n completing SF-36 at 6-month follow-up: ER (16), EXER (20), 
n completing SF-36 at 12-month follow-up: ER (15), EXER (16) 
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3.3.1 Intervention effects on HRQOL 
At 12 months, there were significant (p<0.05, Table 12) Group X Time interactions 
favouring EXER group for the domains of general health, vitality, role emotional and 
mental health as well as for the MCS score. Overall, within-group changes were 
observed in EXER between baseline and 12 months for five domains (physical 
function, general health, and vitality, role physical and mental health) and in the 
MCS score (p<0.05, Table 12). Within-group changes were observed in ER for three 
domains (physical function, role physical and general health) as well as in the PCS 
score between baseline and 12 months (p<0.05, Table 12).  
At three months, EXER improved HRQOL in all domains with the exception of 
bodily pain and role emotional. ER improved HRQOL in most domains with the 
exception of role emotional and mental health (Table 12). There was a Group X 
Time interaction favouring EXER for general health at three months but not for any 
other domain or summary score (Table 12). By six months, EXER had improved 
HRQOL in all domains and summary scores of the SF-36. ER improved in physical 
function, role physical, general health, and PCS score. At six months there were 
Group X Time interactions favouring EXER group for bodily pain and role 
emotional (Table 12). 
3.3.2 Intervention effects on depressive symptoms and anxiety 
At 12 months there was a significant Group X Time interaction for depressive 
symptoms favouring EXER (p<0.05, Table 13). BDI scores were improved within-
group between baseline and all follow-up time points for the EXER group (Table 
13). Within-group changes were observed in ER between baseline and three and six 
months, but values returned to baseline scores at 12 months (Table 13).  
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At 12 months, a significant Group X Time interaction favouring EXER group is 
reported for both state and trait anxiety (p = .005 and p =.001 respectively, Table 
13)). Spielberger state anxiety scores improved at all times for EXER, but only at 
three months for ER (Table 13). Trait anxiety scores were improved beyond baseline 
at all times for EXER, but only at six months for ER. 
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Table 12 Comparison of Beck Depression Inventory and Spielberger anxiety scores for ER and EXER throughout intervention 
Domain or summary 
score Group 
Baseline Mean 
(SD)  Δ3 months [95% CI] 
Within-group 
Sig at 3 months 
Group X Time 
Interaction at 3 
months 
Δ6 months [95% CI] 
Within-group 
Sig at 6 
months 
Group X Time 
Interaction at 
6 months 
Δ12 months 
[95% CI] 
Within-group 
Sig at 12 
months 
Group X Time 
Interaction at 
12 months 
Beck Depression 
Inventory^ 
ER 14.6 (13.2) -6.0 [-9.6 - -2.5] 0.001 
0.715 
-7.0 [-10.8 - -3.2] < 0.001 
0.586 
-2.2 [-6.1 – 1.7] 0.276 
0.005 
EXER 12.9 (7.8) -6.3 [-9.5 - -2.9] < 0.001 -7.7 [-10.9 - -4.5] < 0.001 -7.9 [-11.4 - -4.5] < 0.001 
Spielberger State 
Anxiety* 
ER 39.3 (14.3) -7.3 [-12.1 - -2.4] 0.003 
0.775 
-4.4 [-9.6 – 0.7] 0.092 
0.576 
-0.5 [-5.8 – 4.8] 0.861 
0.005 
EXER 38.9 (10.3) -7.9 [-12.7 - -3.3] 0.001 -5.9 [-10.6 - -1.4] 0.011 -9.4 [-14.4 - -4.4] < 0.001 
Spielberger Trait 
Anxiety* 
ER 44.3 (14.2) -3.5 [-8.1 – 1.1] 0.133 
0.275 
-5.6 [-10.5 - -0.7] 0.025 
0.184 
0.7 [-4.5 – 5.8] 0.799 
0.001 
EXER 42.5 (10.8) -5.9 [-10.2 - -1.6] 0.007 -8.8 [-13.0 - -4.5] < 0.001 -9.5 [-14.2 - -4.8] < 0.001 
Spielberger State 
Anxiety score ≥ 39* 
ER 14 [52%] 6 [32%]   8 [50%]   4 [27%]   
EXER 15 [52%] 3 [16%]   6 [30%]   3 [19%]   
Beck Depression 
Inventory Score ≥ 20^  
ER 9 [36%] 2 [10%]   2 [13%]   3 [20%]   
EXER 7 [24%] 0 [0%]   1 [5%]   1 [6%]   
ER: Energy Restriction, EXER: Exercise plus Energy Restriction 
^Number of participants completing Beck Depression Inventory: ER (Baseline,3months, 6months, 12 months; 25,19,16,15) EXER (29,19,20,16) 
*Number of Participants completing Spielberger State and Trait Anxiety: ER (Baseline,3months, 6months, 12 months; 27,19,16,15) EXER (29,19,20,16) 
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3.4 Discussion 
This study demonstrated that a VLED for women with obesity is associated with 
better HRQOL, decreased depressive and anxiety symptoms. The evidence presented 
here supports our hypothesis that the addition of exercise training to energy 
restriction confers greater improvements than energy restriction alone for 
components of HRQOL, symptoms of depression and anxiety at 12 months. The 
improvements reported in this study are consistent with previously reported 
minimally important clinical differences. That is, change in HRQOL domains and 
summary scores exceeded three points [69]  and changes in symptoms of depression 
reported by the BDI exceeded the five-point difference considered to be the 
minimally important change [293]. 
This study demonstrated that at 12 months, the addition of exercise to energy 
restriction was associated with enhanced mental domains and a summary score of the 
SF-36 for women with severe obesity when weight loss did not differ between 
groups at 12 months. We examined an at-risk population of women, where the 
majority (75%) had Class II or III obesity at baseline. Previous research has reported 
that exercise [24, 25, 165] and energy restriction [17, 25, 34, 65-67, 109] 
independently, positively, influence the physical and mental aspects of HRQOL in 
general populations and those with obesity. This study attempted to address the 
methodological limitations of previous studies in similar populations which were of 
shorter duration [153, 189-191], included only participants with specific health 
conditions [153, 172, 187, 190, 191], or much older populations [153, 164, 187, 188, 
192]. All of these studies showed varied effectiveness for the addition of exercise to 
diet. We used a trial with a 12-month duration and, young to middle-aged (mean 37 
years), women with severe obesity and showed an additive benefit of exercise 
training when added to energy restriction for predominantly the mental domains and 
80 
 
component summary score (MCS) of the SF-36. These are important findings 
because poorer HRQOL is associated with the development of poorer mental health 
[204, 276]. These findings are not surprising and are consistent with previous 
evidence that shows that exercise training improves mental health [217, 218, 299, 
300].  
Exercise training in previous studies shows that there may be a dose-response 
relationship between weekly exercise volume and HRQOL, and a possible ceiling 
effect that may inhibit further improvement or be detrimental to HRQOL [159-161]. 
Exercise variables ranged between 3-5 days of the week with sessions lasting 20-90 
minutes. However, it is not clear which domains or summary scores are most 
sensitive to these exercise variables. This study showed that a total 300 minutes of 
moderate intensity exercise accumulated across four or more days per week was 
associated with a positive influence on HRQOL, but most specifically enhanced 
MCS scores, general health, vitality, mental health and role emotional more than 
energy restriction alone at 12 months. These findings suggest that the addition of 
exercise training up to 300 minutes per week be recommended to women with 
clinically severe obesity undergoing weight loss with an energy restricted diet. A 
further exploration of the effects of exercise variables (dose, frequency and intensity) 
in addition to energy restriction would better inform the response of adults with 
obesity to these factors. Future studies should include multiple modifications of 
exercise variables including; intensity, dose, frequency and type. The sensitivity of 
assessment may also be enhanced by incorporating multiple HRQOL tools, including 
generic and disease-specific outcome measures [33, 148, 194, 202].  
At the conclusion of the intervention, depressive symptoms were reduced 
significantly more in EXER compared to ER. Both groups showed an improvement 
in depressive symptoms at six months which persisted at 12 months in EXER but not 
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ER. Previous evidence shows that depressive symptoms improve when 3-5 sessions 
of moderate intensity aerobic exercise are combined with a weight loss of 0.5-1kg 
per week over six months [189, 235, 236]. The weight loss and volume of exercise 
training reported in our study are consistent with these findings. However, we show 
that ongoing exercise training prolongs these improvements to 12 months in the 
absence of further weight loss from six months. This confirms the protective capacity 
of exercise training in women at high risk of developing depressive symptoms [83-
90], but more importantly, this can highlight that women with obesity remain at risk 
of poorer mental health during a period of weight maintenance in the absence of 
regular exercise training. These results may be related to greater access to support as 
a result of continued supervised exercise training [179, 180] or the higher volume of 
exercise participation [301-303] in EXER.     
There was a significant benefit for EXER compared to ER for improving state and 
trait anxiety at 12 months. It is generally accepted that aerobic and resistance 
exercise have an acute anxiolytic effect [243-248] but these studies did not evaluate 
trait anxiety. Trait anxiety is an important predictor of the propensity for individuals 
to experience episodes of state anxiety and may impair social functioning and 
HRQOL [279, 280]. In our study, trait anxiety was above community norms [304] at 
baseline, demonstrating that the participants were impaired. Improvements observed 
in EXER are consistent with systematic reviews that show exercise training [248, 
305, 306] leads to improvement in trait anxiety in the general population. Previous 
studies [153, 172, 189, 237] in women with obesity show similar improvements in 
generalised symptoms of anxiety for energy restriction with and without exercise 
training. These studies used varying tools, which are not sensitive to differences in 
measures of state and trait anxiety. Our study is the first to show that the addition of 
exercise training to energy restriction is more effective for improving both state and 
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trait anxiety compared to energy restriction alone for women with clinically severe 
obesity.  
3.4.1 Strengths and Limitations 
This study used a randomised control design in a population group who are generally 
classified as being at risk of impaired HRQOL, depressive and anxiety related 
symptoms and increased inactivity. The study explored a research question which, to 
date, very few studies have investigated and did so with the provision of an extended 
intervention period. However, limitations of this study should be acknowledged. 
Substantial loss of participants to follow-up, participant drop-out, or failure to 
complete outcome measures further limits the interpretation of the results of this 
study with only 50% of participants providing 12-month data. As such, large 
variability and standard deviations are evident within the data. A greater participant 
retention and response rate may reduce these factors and increase the interpretability 
of the results. Further, due to the small sample size and a large number of statistical 
analyses, findings of this study should be interpreted with caution. Result replication 
in a larger trial would support the findings of the current study. Such limitations 
reduce the generalisability of the results of this study. The use of a generic HRQOL 
assessment tool may have limited sensitivity to detect variation in HRQOL related to 
changes in weight compared to a specific assessment tool such as IWQOL-LITE. A 
specific assessment tool may be more sensitive to the effects of ER and EXER within 
this population and should be used in conjunction with the generic tool in future 
studies [33, 148, 194, 202]. In this instance, a disease-specific tool was not included 
due to HRQOL being a secondary outcome of the wider study and our group had not 
completed the systematic review prior to the commencement of data collection. Few 
participants recorded scores indicative of moderate to severe depressive symptoms 
and therefore the findings, although positive may not be reflected in women with 
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obesity presenting with moderate to severe depressive symptoms. The study is also 
limited due to use of an active control group rather than an inactive control group. 
The addition of an inactive control and exercise only groups would provide a greater 
exploration of the effect of energy restriction and exercise training on HRQOL, 
depressive and anxiety-related symptoms, however, the purpose of this study was to 
compare the addition of exercise training to usual care. Finally, there is a degree of 
weight regain in both groups from six to 12 months intervention. This may highlight 
some need for modifications to the dietary protocol and scheduled attendances at this 
time to ensure weight stability/weight loss maintenance. 
3.5 Conclusion 
This study demonstrated that exercise training confers an additional benefit to energy 
restriction in MCS score, general health, vitality, mental health, and role emotional 
domains of HRQOL. Depressive symptoms, state and trait anxiety were also 
improved to a greater extent when exercise training was added to energy restriction. 
This study indicates that there is a significant benefit of exercise training in addition 
to energy restriction for psychosocial health for women with severe obesity. As such, 
exercise training should be included as an important component for the treatment of 
obesity owing to its beneficial effects on psychosocial health for women with 
clinically severe obesity. Clinicians should routinely assess HRQOL for treatment-
seeking adults with severe obesity to determine improvements and use it as a 
measure of success even if weight loss goals are not achieved. Further, referral to 
appropriately qualified exercise professionals will ensure effective program design 
which is sensitive to the needs of and common comorbidities which are seen in 
populations with severe obesity.  
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4 Study 2. Can exercise training provide additional health-
related quality of life benefits to dietary weight loss for 
women with severe obesity: a comparison to community 
controls  
4.1 Introduction 
Women in Australia are twice as likely as men to have a body mass index (BMI) 
greater than 35 kg/m2 [53]. By 2025, 10% of women globally will be considered to 
have severe obesity [2]. Obesity often leads to adverse health outcomes including 
diabetes, cancers and osteoarthritis and increased cardiometabolic risk. In addition, 
women with obesity have higher rates of depression and poorer health-related quality 
of life (HRQOL) when compared to men [76, 83-90]. However, there is little known 
about the effects of energy restriction and exercise training on psychosocial 
impairments for women with obesity, compared to community norms.  
Patient-reported HRQOL may be an important but under-appreciated outcome of 
weight loss interventions [27]. Typically, the success of interventions and weight loss 
programs are measured by weight loss alone, however, consideration of HRQOL 
should also be used as an indicator of success. HRQOL relates to an individual’s 
perception of health and is associated with the existence and development of poorer 
mental health [276, 279, 280]. Previous studies focusing on HRQOL for adults with 
obesity following diet and exercise interventions reached different conclusions 
regarding the value-add of exercise [148]. The conflicting results observed in the 
literature may be related to the recruitment of specific sub-groups of adults with 
obesity, the nature of the interventions and the tools used to report changes in 
HRQOL. There is strong evidence that weight loss leads to improvements in 
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HRQOL [33] and that greater weight loss as observed following bariatric surgery 
tended to show greater benefit. Some research has compared the extent of change in 
HRQOL following interventions to BMI-matched community norms, demonstrating 
that weight loss can lead to an HRQOL similar to that of BMI matched community 
norms [19, 21, 27]. None have evaluated the extent of improvement in HRQOL to a 
healthy weight, age-matched population norms. The amount of weight loss achieved 
through bariatric surgery is thought to be responsible for the degree of improvement. 
Lifestyle interventions using diet and exercise are very unlikely to achieve such 
weight loss. However, because the addition of exercise to energy-restricted diet 
further enhances HRQOL (Study 1, Chapter 3), it is possible that a similar degree of 
improvement to that shown in bariatric surgery is possible in the presence of modest 
weight loss. This may lead to an HRQOL improvement that reaches healthy weight 
population values. Consequently, the purpose of this study was to compare pre- and 
post-intervention HRQOL of women enrolled in an RCT (Study One, Chapter 3) 
using energy restriction with and without exercise training to three control groups 
using data from the Australian Longitudinal Study of Women’s Health (ALSWH 
[307]). The use of three control groups; pre-intervention age and BMI-matched, post-
intervention, age and BMI-matched and healthy weight age-matched women affords 
the opportunity to quantify improvements identified in Chapter 3 relative to 
community-dwelling individuals. This comparison (pre and post-intervention age and 
BMI matched) aids to demonstrate how the degree of improvement may differ from 
weight loss achieved. The inclusion of a healthy weight population allows for 
observation of how improvements might relate to the population on which standards 
are based. Such a comparison adds to the current understanding of how much weight 
loss might be required to achieve HRQOL equivalent to that of healthy weight 
populations, previously only demonstrated in bariatric surgery.   
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4.2 Subjects and Methods 
4.2.1 Study design 
This study was a pre- and post-intervention, cross-sectional analysis of HRQOL 
using data from the EMPOWER study for women (a 12 month RCT using energy 
restriction with and without the addition of exercise training for women with severe 
obesity [278]) and longitudinal data from the ALSWH [307]. We used the Short 
Form (36) Medical Outcomes Survey (SF-36) to assess HRQOL and have reported 
comparisons for all domains and summary scores [69, 71, 73]. These groups were; 
age-matched, healthy weight women (18.5 ≤ BMI ≤ 24.9) (controls 1); age and pre-
intervention BMI matched women (controls 2); and age and post-intervention BMI 
matched women (controls 3).  
4.2.2 Participants 
RCT study participants  
The participants recruited to the RCT (Study 1, Chapter 3) [278] were women, aged 
18-50 years, BMI greater than 30.kg/m2 and not currently completing more than 150 
minutes of moderate intensity exercise each week. The full protocol for the 
intervention has been published [278] but briefly, participants were randomised to 
two intervention groups, energy restriction (ER) or energy restriction plus exercise 
training (EXER). All participants used a very low-calorie diet supervised by 
Accredited Practicing Dietitians and followed a usual care protocol. Participants in 
EXER undertook concurrent exercise training with the very low-calorie diet. 
Exercise training included aerobic and resistance training using a reducing contact 
protocol over 12 months. Women in EXER were encouraged to achieve 300 minutes 
of moderate to vigorous intensity exercise per week.  
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ASLWH participants - community-dwelling controls 
Participants for comparison were from the ALSWH. The ALSWH is a longitudinal 
survey of over 58,000 women in three cohorts who were aged 18-23, 45-50 and 70-
75 when surveys began in 1996. ALSWH assesses women’s physical and mental 
health, as well as psychosocial aspects of health (such as socio-demographic and 
lifestyle factors) and their use of health services. Surveys are conducted every three 
years for the young and mid-aged cohorts [307]. SF-36 data is collected at each time 
point and has been used for comparison in this study using the scoring algorithm 
based on Australian adult values.  
4.2.3 Participant matching 
The use of one to one, or, one to many matching was investigated however the 
researchers chose to use the method which yielded the largest possible comparator 
groups based on mean age and BMI of the intervention study groups. This was done 
in order to extract what the researchers believed to be the population most 
representative of the wider community. Intervention groups were matched to create 
three comparison groups from the ALSWH. 
Pre-intervention comparisons to age and BMI matched controls 
Women from the young and mid-aged cohorts of ALSWH matched to pre-
intervention RCT participants for age and BMI. We used parameters in-line with the 
original inclusion criteria for the RCT to extract the sample. Parameters were women 
aged 18-50 years with a BMI > 30kg/m2.   
Post-intervention comparisons to age and BMI matched controls 
Women from the young and mid-aged cohorts of ALSWH matched to post-
intervention RCT participants for age (range 18-50 years) and BMI (range 30-
74.9kg/m2).  
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Pre- and post-intervention comparisons to healthy weight controls 
Women from the young and mid-aged cohorts of ALSWH with BMI 18.5-24.9kg/m2 
matched to RCT participants for age (range 18-50 years).  
4.2.4 Instruments 
Health-Related Quality of Life  
The SF-36 is a generic, multi-purpose, short-form health survey with 36 questions 
which yields an eight-scale profile of functional health and well-being, as well as two 
psychometrically based summary scores for physical and mental health [69]. The SF-
36 is the most widely utilised generic HRQOL assessment tool and represents an 
international benchmark for assessment of HRQOL outcomes [69, 71, 73].  
4.2.5 Statistical analysis 
All available baseline and 12-month SF-36 data from the RCT was included in this 
analysis. ALSWH data was drawn from young and mid-aged participants with 
complete BMI, age and SF-36 data. The Australian adult scoring algorithms were 
used for calculating component summary scores for both the RCT and ALSWH data.  
One sample t-tests were used to determine differences in HRQOL between 
community-dwelling women and RCT groups. Pre- and post-intervention HRQOL 
was compared to age and BMI-matched women and, age-matched women with a 
healthy weight. No adjustment was made for multiple comparisons, a p-value less 
than 0.05 was considered to be statistically significant (Stata statistical package, 
version 14; StataCorp, College Station, Texas). 
4.3 Results  
4.3.1 Pre-intervention comparisons to age and BMI matched women 
Of the 60 women recruited to the RCT, 57 returned SF-36 questionnaires at baseline. 
A sample of 5,344, age and BMI matched women was drawn from the ALSWH for 
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comparison to pre-intervention values of RCT participants. Table 13 shows the mean 
± SD scores for the eight domains and two summary scores for participants of the 
RCT at baseline compared to a sample of age and BMI-matched participants from 
the ALSWH. Women with obesity recruited to the intervention study reported lower 
scores for physical function, bodily pain and general health domains than their age 
and BMI-matched counterparts from the ALSWH at baseline. 
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Table 13 SF-36 scores prior to energy restriction with or without exercise compared to age and BMI matched 
controls 
 Pre-Intervention p Age and BMI matched Controls* 
n 57  5344 
Age 37 ± 9 .531 36 ± 9 
BMI (kg/m2) 40.4 ± 6.7 .076 38.9 ± 4.7 
Physical function 69.6 ± 21.3 .001 79.7 ± 19.9 
Role Physical 70.2 ± 35.8 .473 73.6 ± 36.8 
Bodily Pain 71.4 ± 19.9 .049 66.1 ± 23.6 
General Health 45.7 ± 18.1 <.001 60.5 ± 21.4 
Vitality 45.1 ± 16.7 .103 48.8 ± 21.1 
Social Function 74.2 ± 23.6 .474 76.5 ± 35.2 
Role Emotional 71.4 ± 37.9 .670 73.6 ± 38.1  
Mental Health 67.2 ± 17.4 .805 67.8 ± 19.1  
Physical Component 
Summary 45.7 ± 7.7 .329 44.7 ± 10.5 
Mental Component 
Summary 43.5 ± 10.5 .334 44.9 ± 12.7 
BMI: Body Mass Index, ER: Energy Restriction, EXER: Energy Restriction Plus Exercise, 
*: Age and BMI matched controls (mean ± SD) from ALSWH data matched for age and BMI, 
p: Represents result of one-sample t-test for difference between group and Age and BMI matched norm 
Values are presented as Mean ± SD 
 
4.3.2 Follow-up comparisons to age and BMI matched women 
31 women from the RCT completed SF-36 questionnaires at the conclusion of 
intervention and a sample of 11,507 age and post-intervention BMI matched women 
was drawn from ALSWH data. Table 14 shows mean ± SD scores for the eight 
domains and two component summaries for the participants of the RCT who 
provided 12-month data compared to a sample of age and BMI matched women from 
the ALSWH. At 12 months, with the exception of general health, SF-36 domain 
scores for ER were similar to women from the ALSWH when matched for age and 
BMI. PCS scores in ER exceeded those of age and BMI-matched women. For 
EXER, general health, vitality and mental health domain scores exceeded those of 
their age and BMI-matched controls.
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Table 14 SF-36 scores following energy restriction with or without exercise compared to age and BMI matched 
controls 
 ER p EXER p 
Age and BMI 
matched 
controls* 
n 15  16  11507 
Age 35 ± 9 .711 37 ± 8 .480 36 ± 9 
BMI (kg/m2) 36.8 ± 7.9 .406 34.5 ± 7.8 .786 35.1 ± 4.8 
Physical function 88.7 ± 11.4 .066 85.6 ± 25.3 .661 82.8 ± 19.0 
Role Physical 91.7 ± 26.2 .039 82.8 ± 33.8 .453 76.3 ± 35.7 
Bodily Pain 74.6 ± 25.9 .394 72.1 ± 23.0 .538 68.5 ± 23.2 
General Health 58.1 ± 23.8 .348 77.1 ± 22.8 .038 64.1 ± 20.9 
Vitality 52.3 ± 20.4 .761 66.6 ± 20.6 .008 50.7 ± 21.1 
Social Function 81.9 ± 20.4 .486 80.6 ± 24.0 .688 78.1 ± 24.4 
Role Emotional 71.1 ± 41.5 .731 81.3 ± 34.3 .467 74.9 ± 37.2 
Mental Health 68.8 ± 20.4 .941 79.7 ± 13.7 .007 69.2 ± 18.7 
Physical Component 
Summary 52.7 ± 8.0 .007 48.4 ± 15.0 .574 46.2 ± 10.1 
Mental Component 
Summary 43.3 ± 13.8 .530 51.2 ± 13.1 .108 45.6 ± 12.5 
BMI: Body Mass Index, ER: Energy Restriction, EXER: Exercise Plus Energy Restriction, 
*: Age and BMI matched controls (mean ± SD) from ALSWH data matched for age, sex and BMI, 
p: Represents result of one-sample t-test for difference between group Age and BMI matched norm Values are 
presented as Mean ± SD 
4.3.3 Pre- and post-intervention comparisons to women with healthy weight 
A sample of 30,947 age-matched, women with healthy-weight (BMI ≥ 18.5 and ≤ 
24.9) was drawn from ALSWH data as a healthy control comparison. Table 15 
shows mean ± SD for the eight domains and two summary scores of the SF-36 for 
participants of the EMPOWER study at baseline and 12 months compared to age-
matched healthy weight controls. At baseline, women recruited to the intervention 
study demonstrated impairment relative to age-matched, healthy weight controls for 
HRQOL in six of eight domains (physical function, role physical, general health, 
vitality, social function and mental health) and in the physical and mental component 
summary scores. At 12 months, all domain and summary scores were similar when 
comparing EXER to healthy weight age-matched controls from ALSWH while ER 
was impaired for general health domain 
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Table 15 Difference in SF-36 domain and summary scores at baseline and 12 months for women recruited to energy restriction with and without exercise compared to age-matched women with healthy 
weight 
  n Age 
BMI ± SD 
(kg/m2) 
Physical 
function [95% 
CI] 
Role 
Physical 
[95% CI] 
Bodily Pain 
[95% CI] 
General 
Health [95% 
CI] 
Vitality 
[95% CI] 
Social 
Function 
[95% CI] 
Role 
Emotional 
[95% CI] 
Mental 
Health 
[95% CI] 
Physical 
Component 
Summary 
[95% CI] 
Mental 
Component 
Summary 
[95% CI] 
Baseline  57 37 ± 9 37 ± 9*** 69.6 ± 21.3*** 70.2 ± 
35.8** 71.4 ± 19.9 45.7 ± 18.1*** 
45.1 ± 
16.7*** 
74.2 ± 
23.6* 71.4 ± 37.9 
67.2 ± 
17.4* 
45.7 ± 
7.7*** 
43.5 ± 
10.5** 
12 Months 
ER 15 35.1 ± 9 36.8 ± 7.9*** 88.7 ± 11.4 91.7 ± 26.2 74.6 ± 25.9 58.1 ± 23.8* 52.3 ± 20.4 81.9 ± 20.4 71.1 ± 41.5 68.8 ± 20.4 52.7 ± 8.0 43.3 ± 13.8 
EXER 16 37.4 ± 8 34.5 ± 7.8*** 85.6 ± 25.3 82.8 ± 33.8 72.1 ± 23.0 77.1 ± 22.8 66.6 ± 20.6 80.6 ± 
24.0 
81.3 ± 34.3 79.7 ± 13.7 48.4 ± 15.0 51.2 ± 13.1 
Healthy weight 
norm# 30947 36 ± 9 22.1 ± 1.7 91.7 ± 14.6 83.2 ± 31.5 75.6 ± 21.2 75.8 ± 18.6 57.1 ± 20.1 
82.4 ± 
22.0 79.1 ± 35.5 72.5 ± 16.8 50.2 ± 8.6 47.8 ± 11.7 
ER: Energy Restriction, EXER: Exercise Plus Energy Restriction, 
#: Age-matched, healthy weight (18.5 ≤ BMI ≤ 24.9) norms (mean ± SD) from ALSWH data matched for age and sex 
*: Value is significantly different to age-matched healthy weight norm (p <.05) 
**: Value is significantly different to age-matched healthy weight norm (p <.01) 
***: Value is significantly different to age-matched healthy weight norm (p <.001) 
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4.4 Discussion 
The main findings from this study show that women with severe obesity undergoing 
moderate weight loss with or without exercise training reach or exceed HRQOL 
outcomes when compared to age and BMI matched community controls from the 
ALSWH. The extent of improvement observed was such that EXER reached similar 
values to what is reported in healthy weight populations for all domains and 
summary scores of the SF-36. ER reported similar HRQOL to healthy weight 
controls for all scores except the general health domain. When compared to age and 
BMI matched controls, EXER exceeded HRQOL for general health, vitality and 
mental health domains. This result is important as it demonstrates the additive effects 
of exercise training predominantly in the mental aspects of HRQOL when compared 
to age and BMI-matched controls. Moreover, we demonstrated that modest weight 
loss results in women with obesity achieving HRQOL similar to healthy weight 
women. 
4.4.1 Health-related quality of life prior to weight loss intervention 
It is well accepted that a higher BMI impairs HRQOL in adults [33]. Here we 
confirm that HRQOL is impaired in women with clinically severe obesity when 
compared to women with a healthy weight. Women in our study seeking weight loss 
report greater impairments in general health and bodily pain domain scores than 
women of the same BMI and age. These findings support previous evidence that 
adults with obesity seeking treatment are impaired in some domain scores compared 
to non-treatment seeking adults with obesity [308] and those in the general 
population [19]. It should be noted that the treatment-seeking status of women from 
ALSWH cannot be confirmed however the ALSWH is not linked to a weight loss 
intervention study. Our study adds to the understanding of HRQOL impairment in 
this population group by comparing to a healthy weight, age-matched control rather 
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than age-matched, general population values. This is important as the degree of 
impairment in HRQOL for adults with severe obesity has not previously been 
quantified relative to healthy weight, age-matched controls.  
4.4.2 Health-related quality of life following weight loss intervention 
When compared to age-matched women with healthy weight, EXER resulted in 
similar HRQOL for all domains and summary scores. On the other hand, ER was 
similar for all measures except general health domain. Our findings show that 
achieving healthy weight BMI was not necessary to achieve equivalent HRQOL, a 
result previously reported only following bariatric surgery [27, 309]. It is noteworthy 
that the moderate weight loss (10 kg) was approximately one-third of the weight loss 
reported after bariatric surgery, yet achieved similar HRQOL outcomes. When 
compared to age and BMI-matched controls, exercise training in addition to energy 
restriction provides additional benefit in two out of four mental health-related 
domains of HRQOL (vitality and mental health). Further, exercise appears to provide 
additive benefit with regard to general health perception when compared to healthy 
weight controls. Previous studies (albeit in differing populations; frail older adults 
and adults with sleep apnoea) have reported that exercise training independently has 
the most significant effect on the mental rather than physical aspects of HRQOL 
[166, 170, 174]. Further, when exercise training is included in a lifestyle 
intervention, the mental domains do not track parallel to weight loss broadening the 
application of exercise training as an addendum to weight loss therapies for adults 
with obesity [21]. We identified that improvements in mental health aspects of 
HRQOL improve equally when weight loss results from energy restriction with or 
without exercise training when compared to age-matched healthy controls. However, 
our previous work (Study One, Chapter 3) reported a significant group X time 
interaction favouring EXER for general health, vitality, role emotional and mental 
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health domains as well as MCS score. It is important that the additive effect of 
exercise training is noted predominantly in the mental domains of HRQOL when 
results are compared to age and BMI-matched controls. As lower HRQOL is 
associated with increased symptoms of depression and anxiety [276, 279, 280], 
exercise may act as a protective factor for this at-risk population group. These results 
should add to guidelines for lifestyle interventions for women with severe obesity 
and help guide clinicians to measure HRQOL as an important outcome beyond that 
seen on the scales. 
4.4.3 Strengths and limitations 
This study explored a research question using methods which to date, have not been 
used for this type of comparison. Our work furthers the understanding of how 
HRQOL is affected by weight loss but also how exercise training can provide added 
benefit. The use of comparison populations extracted from data collected within the 
same country and matched for age and BMI also strengthens the interpretability of 
this study. Further, no previous study has made a comparison to both age and BMI 
matched, as well as age-matched, healthy weight populations simultaneously. 
However, there are some noteworthy limitations to this study. A significant drop-out 
of participants from the previous RCT resulted in significant variability of results at 
12 months. As such, the accuracy of reported differences between comparison groups 
may be different with a larger sample size. Secondly, data used to compile 
comparison groups has been collected over a period of 20 years. It is not clear 
whether HRQOL related to BMI has changed over this period of time nor can we 
determine the treatment-seeking status of those included for comparison. Further, 
there was only a small proportion of women from ALSWH with very high BMI to 
match to larger participants. This may in part explain the trend toward differences in 
age and BMI-matched women at baseline. Future studies should aim to obtain 
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comparison data from comparable populations, at similar time points and with 
defined treatment-seeking status to ensure the greatest accuracy of comparisons. 
Further, no adjustment was made for the multiple comparisons made in this 
investigation. Some results which tend toward p = .05 may be considered spurious.  
4.5 Conclusion 
For women with severe obesity, participation in a weight loss intervention using 
energy restriction with or without the addition of exercise training is associated with 
improved components of HRQOL to levels comparable to those seen amongst 
healthy weight women. Lesser degrees of weight loss than those previously reported 
in bariatric surgery studies can result in HRQOL similar to that of healthy weight, 
age-matched women. Weight loss has a large effect on HRQOL with or without 
exercise training, however, exercise training should still be encouraged for its well-
established health benefits.  
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5 Study 3. Influences on exercise participation for women with 
obesity prior to, during and following a weight loss 
intervention – A qualitative investigation 
5.1 Introduction 
In Australia, less than 60% of adults participate in regular physical activity sufficient 
for general health [275]. Adults with obesity are reported to have the lowest exercise 
participation rates of all BMI categories [310]. The lack of regular exercise leads to 
reduced cardiometabolic, musculoskeletal, functional health and increases the risk of 
developing poorer psychosocial health [311, 312]. Australian guidelines identify that 
exercise should be combined with energy restriction for lifestyle interventions as a 
frontline therapy for obesity [31]. Adults with obesity perceive a greater number of 
barriers to exercise than with changing diet [39, 40, 256]. There are many factors that 
influence the decision to exercise, but much of this data is collected from adults with 
overweight and obesity [32, 36, 39, 40]. Adults with clinically severe obesity may 
experience unique challenges to initiating and maintaining regular exercise training 
routines. 
Of the small body of existing evidence investigating the influences on exercise in 
populations with severe obesity, it has been suggested that adults with severe obesity 
place little emphasis on exercise as a means of weight loss or addendum to dietary 
intervention [39, 40, 256]. Women with obesity view that obtaining a healthy weight 
are likely to be unattainable through exercise alone or in addition to energy 
restriction, consequently, surgical intervention is perceived to be more successful. 
This acts as a barrier to exercise participation [259]. Adults with severe obesity, in 
particular, women, report themselves to be “too fat [sic]” to exercise [260], lacking 
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motivation and enjoyment [167, 261] or lacking the skill for participation in exercise 
training [262]. These factors also contribute to feelings of embarrassment and 
intimidation, especially when exercising with individuals of healthy weight [167].  
The social-ecological model aids in explaining the personal, social and physical 
environmental factors which influence participation in exercise [255]. This has been 
widely used in studies amongst the general population; however, little research has 
investigated the influences on exercise amongst women with severe obesity using the 
social-ecological framework. Given that the influences on exercise initiation are 
likely to differ to the influences on exercise maintenance [313], it is important to 
investigate the influences on initiation and maintenance of exercise for women with 
obesity in order to design targeted exercise interventions which address the specific 
needs of this population. Therefore, this study aimed to identify barriers and 
facilitators to the initiation and ongoing participation in exercise training for women 
with severe obesity, prior to, during and after participation in a weight loss study.  
5.2 Methods 
5.2.1 Study design 
This study used a qualitative study design. The influences on exercise participation 
and suggested strategies for future weight loss programs for women with obesity 
were explored through one-on-one, semi-structured telephone interviews with former 
participants of a weight loss trial (described and reported in Chapter Three of this 
thesis) with recruitment continuing until data saturation occurred. Telephone 
interviews were conducted by a researcher independent to the previous RCT in order 
to reduce potential bias in responses. All participants randomised during Study One 
were contacted and afforded the opportunity to participate in the qualitative 
interviews.  
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5.2.2 Recruitment 
This study used a sample of physically inactive, women with severe obesity who had 
been recruited from an RCT examining the effects of energy restriction with and 
without the addition of exercise, the full protocol of which has been published 
previously [278] and is described in Chapter Three of this thesis. These women had 
consented to be contacted regarding further research. Following completion of the 
program, participants were then invited to participate. All participants from the RCT 
reported in Chapter 3 were contacted by a researcher via a mailed letter describing 
the research project. They were provided with a reply paid slip which they were 
asked to send back indicating whether they would be interested in participating in the 
interviews. Interested participants were then contacted and provided a plain language 
statement prior to providing informed consent.  
Ethical approval for this study was obtained from the Deakin University (HREC 
reference 2011-154) and Alfred Hospital (HREC reference 330-11), Human 
Research Ethics Committees. 
5.2.3 Energy restriction with and without exercise trial 
All participants followed a calorie-controlled diet with the close support of an 
Accredited Practising Dietitian as described in Chapter 3 section 3.2.4 and in the full 
published protocol (Appendix A).  
5.2.4 Exercise Intervention 
Participants in the combined energy restriction and exercise group followed the same 
energy-restricted diet described in Chapter 3, section 3.2.4 with the addition of 
exercise training as described in Chapter 3, section 3.2.5 and in the published 
protocol (Appendix A).  
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5.2.5 Procedures 
The semi-structured interview schedule was designed to focus on influencers on 
initiation and sustained engagement in exercise training based on the social-
ecological model. The full qualitative interview schedule is included as an appendix 
(Appendix C). In brief, the following issues were discussed with participants during 
interviews: 
• Influences on physical activity participation relating to intra-personal, social 
and environmental factors relating to periods pre, intra and post-intervention. 
• Key influences on continued or altered exercise participation following 
engagement in the study 
• Suggestions for improvement of the intervention study to improve ongoing 
engagement in exercise participation 
Semi-structured interviews were conducted and audio recorded (with participant 
permission). Data were then transcribed verbatim.  
5.2.6 Analysis 
Thematic analyses were performed according to the methods reported by Braun and 
Clarke [314]. Researchers first familiarised themselves with the data by listening to 
recorded interviews, reading and re-reading transcripts to gain an understanding of 
the breadth and depth of response to questions. All data was read at least twice prior 
to coding allowing an uninterrupted means of searching for patterns and meanings of 
participant responses. During this phase, emerging patterns and areas of interest for 
further exploration were noted by the researchers (DV and MT). Following this 
phase, data were coded by hand to identify key features of participant response 
relative to the research question. The codes generated in this phase of analysis 
formed a subset of the final (broad) themes. Once all data had been coded and 
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collated, transcripts were uploaded to the qualitative data analysis program NVivo. 
This program was used to organise data and simplify the creation of categories and 
sub-categories as well as their associated quotes. Codes were then reorganised and 
combined in order to focus on broader themes. To aid this process, researchers 
formatted codes into tables to provide a visual representation of the links between 
codes and themes. Once the main themes were identified, researcher triangulation 
was employed to ensure there was no researcher bias [213]. All transcripts were 
coded by one author (DV), then a random subset of four transcripts was 
independently cross-coded by another author (MT). There were no discrepancies in 
coding or interpretation of participant response. Results are reported using de-
identified quotes from the participants.  
5.3 Results  
The majority of participants included in this study were recruited from the energy 
restriction plus exercise group however almost one third were members of the energy 
restriction only group. 16 women from the original RCT were interviewed for this 
study. Five key themes were identified and results are presented following the social-
ecological framework. However, only social and intra-personal factors were 
identified as key themes. There were no common themes for physical environmental 
influences of exercise participation. 
5.3.1 Intra-personal influences of exercise  
Weight 
The most commonly reported theme related to exercise participation for women in 
the EMPOWER study was weight. Almost all women reported weight, weight loss or 
weight gain as having an influence on their exercise participation at some point 
during the study. 
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Prior to intervention participation, about one-third of women from the EMPOWER 
study reported that their current weight was a barrier to exercise.  
 “It was difficult to be active because I was heavy…It was uncomfortable to 
move around.” (Participant 44, Energy restriction group) 
 
During and following intervention participation, weight loss was reported as a 
positive influence on exercise participation.  
 “… the weight loss influenced my physical activity because actually made it 
easier… it became very easy to move around.” (Participant 44, Energy restriction 
group) 
 
Weight regains following completion of the intervention study was reported to have 
hindered participation in exercise. This was the case for almost half of the women 
interviewed. 
“Immediately after the study, it [my weight] stayed the same for probably 6 
months and then I started to regain weight… which sort of prevented me then from 
going back to the gym.” (Participant 5, Energy restriction plus exercise group) 
Perceived physical limitations 
Three-quarters of women reported that physical limitations including pain, injury and 
illness limited their physical ability and acted as a barrier to exercise. Pain and injury 
were more commonly reported than illness. A handful of women also reported 
perceived increases in energy following weight loss. 
“… the sheer volume of pain […] to get to the point where I actually enjoyed 
doing it. It’s something that deters you, so you lose focus really quickly.” 
(Participant 1, Energy restriction group) 
 
 “…it was difficult also painful. So I pretty much stopped.” (Participant 15, 
Exercise plus energy restriction group) 
 
Exercise self-efficacy 
Confidence to exercise was frequently reported as an influence of women’s exercise 
participation. Prior to intervention, a few women reported a lack of confidence as 
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having a negative effect on exercise participation.  
 “…I should start doing some light exercises like... But I knew that I wouldn't 
do that, can't do it by myself.” (Participant 14, Energy restriction plus exercise 
group) 
During and following intervention, almost half of the women interviewed reported 
that greater confidence acted as a positive influence of exercise participation. This 
improved confidence related to body-image and exercise capability. 
 “I certainly hadn't done any of that beforehand, and let alone have the 
confidence to be able to walk into the gyms or certainly walk into some of the shops 
to buy some of the clothing. Even the styles of clothing I'm wearing now, I definitely 
wouldn't have worn beforehand.” (Participant 60, Exercise plus energy restriction 
group) 
 
 “I knew I could get up and go to the gym, I could do that and I wanted to be 
more active.” (Participant 26, Exercise plus energy restriction group) 
Self-efficacy appeared to be enhanced by the increased knowledge gained from the 
exercise intervention. As such, about half of women suggested this as a facilitator for 
exercise participation during and following the weight loss intervention.  
“I did start going to the gym particularly once I knew what exercises to do.” 
(Participant 5, Energy restriction plus exercise group) 
 
 “What I realized was that when it was time to lose weight again, I felt much 
better equipped to do that properly.” (Participant 57, Energy restriction plus 
exercise group) 
Exercise self-efficacy and in turn, enjoyment of exercise appeared to be enhanced by 
both confidences to exercise and knowledge of exercise. Enjoyment of exercise was 
reported by almost all women as having an influence on exercise at some point 
during the intervention. About half described enjoyment as a facilitator, an equal 
number described lack of enjoyment as a barrier to being active.  
“Yes I enjoyed the exercise so when you discover something you loved to do. 
You know you want to keep doing it…” (Participant 15, Exercise plus energy 
restriction group) 
 
 “… It wasn’t something that I enjoyed. I knew I should do more but I just 
didn’t feel motivated for it and it wasn't a priority.”  (Participant 26, Exercise plus 
energy restriction group) 
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5.3.2 Social influences of exercise 
Accountability and support 
Most women reported that having appropriate support and being accountable to 
someone were substantial, positive influences on exercise engagement. 
Responsibilities related to pet ownership, being accountable to others (exercise 
physiologist, dietitian or family members) and provision of social support from 
friends, family and research staff were all highlighted as key factors.  
“If you’ve committed to meeting somebody at a certain time, then you’re 
more likely to go do it than if you’re just relying on your own self-motivation.” 
(Participant 22, Exercise plus energy restriction group) 
“… once I came into the study… my husband and my mother particularly 
were a hundred percent on board with helping me be involved as I possibly could be. 
So with child-minding and, you know, all sorts of things to make it easier for me to 
get to the sessions and everything. I would have to say I had really, really good 
support from them.” (Participant 57, Exercise plus energy restriction group) 
A few participants also reported that the knowledge of research staff and the expert 
advice provided throughout their time in the study acted as a positive influence to 
exercise participation during and following their enrolment.  
“What I realized was that when it was time to lose weight again, I felt much 
better equipped to do that properly. So since then, since recognizing that I've been, 
[…], going to the gym again, doing all those sorts of programs that Trainer X and Y 
set up for me. […] I feel like I'm in actually a really good position to take it on. That 
feeling is successful.” (Participant 57, Exercise plus energy restriction group) 
Work and family commitments 
Work and family commitments were reported as a barrier to exercise participation 
for the large majority of women. At times, the need to care for others, work 
scheduling and other commitments were reported to take priority over women’s 
exercise participation. More than half of the women acknowledged that work was an 
important factor due to the financial support that it provided to their families. A few 
reported commitments related to their children played a role in reducing their ability 
to participate in regular exercise. 
 “I’m actually working almost full time. And my husband also works full time. 
So it’s kind of challenging to get out, so I probably haven’t. Not probably, I haven’t 
maintained anywhere near, what I wanted to when I was at the end of the study and 
that’s been challenging.” (Participant 15, Exercise plus energy restriction group) 
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5.3.3 Recommendations for future programs 
Choice of exercise 
A handful of women reported that greater freedom of choice in activities would 
enhance their engagement in exercise for future interventions.  
“I suppose support you know that you have. Having some form of support – 
whether it be family or friends or something there to talk to when you don’t feel like 
running and you don’t feel exercising and having someone else to talk to and 
encourage you into it.” (Participant 39, Energy restriction group) 
Health focus 
Although just mentioned by one participant, the idea of shifting focus from weight 
loss to self-contentment and health was suggested as a way to better engage severely 
obese women in exercise programs. 
 “[…] I started feeling healthier and I didn’t actually notice although 
everybody else commented on it, I didn’t notice the weight loss in myself. […]. But I 
noticed the improvement in my health, I could run more in basketball and I could do 
more during the day and still have a lot of energy at the end of the day.” 
 “That is one thing I am not sure of because confidence is a big issue that a lot 
of females struggle with but finding a way and let them know that it is who they are 
that matters and not what they look like that much.” (Participant 39, Energy 
restriction group) 
Removing fear of failure and stigma 
One other participant highlighted the need to remove the fear of failure and to 
destigmatise weight loss program participation and weight regain for future 
interventions. 
 “I think the notion that it’s not a once off, it’s lifetime. […] it's a lifetime 
thing and that it's absolutely okay if you put the weight back on, you just got to lose it 
again if that's what you want and actually it's okay to be overweight. Socially, like it 
might not be best for your health.” 
 “Because it's not a massive failure if you put the weight on, but there is such 
a perception out there that it is. So actually that's kind of part of it. If you use 
smoking, you have got to quit, try and quit like ten times before you will actually 
quit.” (Participant 44, Energy restriction group) 
5.4 Discussion 
This study aimed to explore the specific influences of exercise participation of 
women with severe obesity prior to, during and following a lifestyle intervention 
designed to produce weight loss. Five themes related to intra-personal and social 
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components of the social-ecological model were identified. Intra-personal themes 
included; ‘weight’, ‘perceived physical limitations’ and ‘exercise self-efficacy’. 
Social themes were ‘social commitments’ and ‘accountability and support’. Social 
themes and influences did not differ greatly pre-, during-, or post-intervention 
participation. 
5.4.1 Intra-personal influences on exercise 
Weight 
Current weight, weight loss and weight gain were identified as influences on exercise 
participation by women in this study at different time points. Current weight was 
reported as a hindrance to exercise participation, but only prior to participating in the 
EMPOWER study. This is likely related to the degree of excess adiposity in these 
participants, confirming previous literature in severe obesity which reported that 
excess weight has a strong influence on physical capacity and willingness to exercise 
[315-317]. During intervention participation, women with severe obesity most 
frequently reported weight loss as facilitating exercise participation and is consistent 
with previous literature that showed that bariatric surgery candidates perceive weight 
loss to be the main factor to exercise engagement [318]. Following participation in 
the intervention, participants reported reducing their weekly exercise time after a 
period of weight regain, while participants that maintained or continued to lose 
weight reported ongoing exercise participation. Weight regain has previously been 
identified as a barrier to exercise amongst young adults and middle-aged women 
with obesity, resulting in a reduction in weekly exercise time [319, 320]. Another 
study reported that greater initial bodyweight is predictive of decreasing physical 
activity participation over time rather than decreased physical activity predicting an 
increased bodyweight [315]. Subsequently, weight gain and greater initial 
bodyweight are associated with decreased physical activity over time. Although 
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changes in weight are clear factors that influence exercise participation, intra-
personal constructs can also act as barriers and facilitators and may be interrelated to 
weight status. 
During intervention participation, women with severe obesity most frequently 
reported weight loss as facilitating exercise participation. In adults with severe 
obesity, weight loss alone has been identified as a primary facilitator to increased 
exercise participation [318]. Weight loss may be a facilitator to exercise for a number 
of reasons including improvements in self-esteem and body confidence associated 
with weight loss [321]. In the current study, confidence (related to body image and 
exercise skill) were reported as positive influences of exercise during periods of 
weight loss. Following the intervention, participants equally reported weight loss and 
weight gain as influences of their exercise behaviour. Weight gain is a normal, 
unavoidable, physiological response to weight loss. Periods of weight regain should 
be seen as a time for action to prevent excessive weight. Minimisation of weight gain 
and strategies to achieve this are as important as weight loss for facilitating 
participation in exercise for women with severe obesity.  
Perceived physical limitations to exercise participation 
Perceived physical limitations were identified as a key theme for exercise 
participation for women with severe obesity. Pain, injury and illness were frequently 
reported barriers to exercise participation in this study. It is well accepted that adults 
with obesity are more likely to report symptoms of pain compared to those with 
healthy weight [7, 322]. Low back, knee and hip pain are more common in adults 
with obesity and are exacerbated by increasing degrees of obesity [7, 56, 64, 323]. 
Further, difficulty with performing daily activities and the probability of falls, trips 
and stumbles, increases with obesity as does the risk of resultant injuries [324, 325]. 
This may be related to altered gait patterns seen in adults with obesity [326]. The 
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increased risk of injury, compounded with increased pain from osteoarthritis and 
poor gait mechanics, furthers the reluctance of adults with obesity to participate in 
exercise [327, 328]. Therefore, intervention design should be cognisant of these 
barriers and prescribe exercise accordingly. The use of low-impact exercises is likely 
to reduce pain and ambivalence to exercise [327, 328]. This should also enhance 
exercise enjoyment and increase willingness for exercise participation. 
Women reported feeling more energetic and experiencing less pain following weight 
loss. This is supported by previous literature which reported reductions in pain, 
increased energy and motivation following weight loss for populations with obesity 
[318, 325, 327]. These findings highlight a need for practitioners to address 
perceived physical limitations as well as the psychological factors related to these 
concerns in order to effectively engage women with obesity in exercise.  
Exercise self-efficacy 
In this study, weight loss was perceived to enhance energy and confidence to 
exercise and was reported to facilitate exercise participation, which is consistent with 
previous research that has reported that weight loss success facilitates greater 
engagement in exercise, increases perceived energy and improves self-reported pain 
[187, 327, 329]. In this study, weight loss was perceived to enhance energy and 
confidence to exercise and was reported to facilitate exercise participation. However, 
some previous research has suggested that the unlikelihood of reaching a healthy-
weight BMI and fewer perceived benefits of exercise are barriers to exercise 
participation in populations with severe obesity [257]. The differences between these 
findings and our study may be due to participants in the study by Wouters et al. 
having undergone bariatric surgery rather than lifestyle intervention with exercise. 
This would likely influence participant outcome expectations with surgical patients 
perhaps anticipating greater weight loss than is realistic or achievable. Participants of 
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the study by Wouters and colleagues reported less perceived benefits of exercise and 
being less confident with exercise prior to weight loss intervention. Following weight 
loss, confidence to participate and exercise participation increased [257]. This is 
similar to women from the EMPOWER study, who following weight loss, reported 
increased confidence to exercise, greater perceived benefits of exercise and reduced 
the fear of injury as facilitators to exercise participation.  
Self-efficacy is an important determinant of exercise participation [330] and previous 
systematic reviews have aimed to identify which behaviour change techniques are 
most effective for improving self-efficacy [331, 332]. However, a recent review with 
meta-analysis explored the behaviour change techniques which increase self-efficacy 
and physical activity of adults with obesity [333]. Olander and colleagues determined 
that an increase in physical activity self-efficacy was not necessarily required to 
increase physical activity participation for adults with obesity. Thus, mechanisms 
other than exercise self-efficacy may be more important to increase exercise 
participation of adults with obesity compared to non-obese populations.  
5.4.2 Social influences on exercise participation 
Commitments, accountability and support 
Family and work commitments were frequently reported by women from the 
EMPOWER study to be barriers to exercise participation, which is consistent with 
previous literature among normal weight, overweight and obese populations [268, 
269, 334-336]. In our study, provision of social support from friends, family and 
domestic partners was reported to facilitate engagement in exercise and could 
enhance feelings of accountability. This is congruent with previously reported social 
influences of exercise in populations with obesity. Supervision of programs and 
accountability to professionals has been identified as a positive influence in exercise 
programs amongst adults with T2DM [270] and for women with overweight and 
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obesity [337]. Other research [268] identified the need to utilise familial relationships 
to support weight control. Medalie and Cole-Kelly [338] described the family as a 
group of complex configurations including census, biologic, household and 
functional family connections. This is important as family, and the broader 
interpretations thereof, act as a major influence for change in both the participant and 
other members of the family unit [339]. Such inclusion has previously been reported 
to enhance participant feelings of acceptance and support [40]. Given these findings, 
the ability of exercise professionals to instil feelings of commitment, support and 
accountability are critical for the ongoing exercise participation of women with 
obesity. Practitioners must also ensure that participants are encouraged to seek 
support and encouragement from their family units.  
5.4.3 Recommendations for future programs 
Post-intervention support 
Women reported that a greater post-intervention support would facilitate their 
engagement in exercise. This is a common theme when exploring influences of 
exercise behaviour for adults with obesity [41, 270]. This need for post-intervention 
support was reiterated in the current study as one of two recommendations for future 
programs. This is consistent with previous literature which reported that Australian 
adults with severe obesity acknowledged a need to change their health behaviours 
but reported feeling powerless to do so [340]. Previous research has identified that 
the provision of specialist advice [42] and use of health professionals trained in 
motivational interviewing [271], enhances uptake of physical activity, improves 
knowledge and confidence for exercise and aids to overcome intra-personal and 
social barriers to exercise in populations with obesity. There is also more recent 
discussion regarding the use of technology to enhance the client experience and to 
facilitate greater engagement in exercise. A systematic review [341] examining 
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technology-based weight loss interventions identified five key aspects of inclusion. 
These were; self-monitoring, counsellor feedback and communication, social 
support, use of a structured program and individually tailored programs. These 
components are consistent with those identified facilitators to exercise engagement 
and maintenance in the current study. The addition of technological methods of 
monitoring, delivery and social support may enhance initiation and maintenance of 
exercise behaviours. Focused studies must also consider whether this is true for 
women with severe obesity or whether these needs might differ in the broader 
population with obesity. Further, current evidence is limited to short-term outcomes 
[341, 342]. Studies of longer duration and combinations of face-to-face and remote 
monitoring and support should be investigated for their ability to assist women with 
severe obesity to initiate and maintain exercise behaviours. The results of our study 
suggest that due to their skills in health coaching and motivational interviewing, 
supervision of programs by appropriately qualified and trained staff with or without 
the addition of technological monitoring and support will positively influence 
physical activity and exercise participation for women with severe obesity. 
Shifting focus of interventions 
Although this theme was based on the comments of just two participants, the 
information provided was novel and of interest. The identification of a need to shift 
focus from weight loss to health and self-satisfaction was highlighted by one 
participant in the EMPOWER study. The idea of body-related, self-satisfaction for 
adults with overweight and obesity is not a new idea. Fat acceptance is reported as a 
means of combatting weight-related stigma for those with obesity. The philosophy is 
based on body acceptance and rejection of the idea that one must be thin to be 
socially acceptable [343]. There is some evidence which reports positive health and 
well-being outcomes for those engaging in such a belief system but this is not well 
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explored [343-345]. What can be determined from this, is that health practitioners 
must work together to identify their desired outcomes. A recent study identified that 
both practitioner and individual weight loss goals are inappropriately high compared 
what is required for improved health [346]. While weight loss of as little as 5-10% 
initial weight is known to result in significant improvement of many conditions 
[347], the need and perceived capacity of participants to achieve weight loss or some 
other health-related outcome must be identified and discussed to a mutual agreement. 
Further, a need to understand and accept the cyclic nature of obesity and weight 
management was emphasised by another participant. A qualitative study by Byrne 
and colleagues [348], reported that those who do not achieve the weight loss and 
other desired outcomes they had hoped for, may consider any weight loss to be 
inadequate or unsatisfactory. Further, individuals with this perception are unlikely to 
be motivated to maintain a weight they do not consider worthwhile leading to weight 
regain and abandonment of previous positive change [349, 350]. This further 
demonstrates the need for patient-focused treatment which is sensitive to the needs of 
each individual rather than treating obesity as a generic disorder. Health practitioners 
should allow themselves to shift their treatment focus based on individual 
assessment. By being health focused and acknowledging the chronic relapsing nature 
of obesity, future interventions may more positively influence exercise and physical 
activity participation for women with obesity, irrespective of weight loss outcomes. 
5.4.4 Physical environmental influences of exercise 
Although themes in this study related to intra-personal and social constructs of the 
social-ecological model, no themes were constructed based on the physical-
environmental construct. This is in contrast to that of previous research in obesity 
which reported that women with severe obesity prefer to exercise indoors due to 
feelings of safety and comfort [42, 273]. Reasons for neighbourhoods being 
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identified as unsafe include, poor walking surfaces, bad weather, no benches or 
places to rest, inadequate lighting and heavy traffic [274]. The lack of themes related 
to physical environments could in part be explained by the use of indoor training 
facilities, supervised exercise sessions and provision of comfortable exercise 
facilities for the intervention study. 
5.4.5 Strengths and limitations 
Some notable limitations of this study include The retrospective interviewing of 
participants rather than being conducted pre-, during- and post-intervention. As this 
was an extension of a previously conducted study, it was not possible to incorporate 
interviews for all participants during their enrolment. Further, there is a potential for 
participants to give socially desirable responses during the interview. An independent 
researcher conducted interviews to minimise this effect. Key strengths of this study 
include the qualitative design of the study which allowed for in-depth exploration of 
influences to exercise participation in an important, yet understudied population 
group. Since women with severe obesity are more likely to experience health, social 
and psychological issues which can be improved by exercise, it is important to 
explore the specific influences of their participation. 
5.5 Conclusion 
The intra-personal and social influences of physical activity and exercise 
participation are most commonly reported for women with severe obesity. Although 
confirmation of these findings is required, results of this study may help to inform 
exercise program development of practitioners and further intervention development 
at a population level. Future programs to promote engagement and maintenance of 
exercise in severely obese women should target the intra-personal and social 
constructs of the social-ecological model. Programs which are health-focused, 
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enhance self-efficacy, provide substantial social support and accountability are most 
likely to provide successful outcomes. 
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6 General discussion 
6.1 Major findings 
This thesis, examined whether the addition of exercise training to energy restriction 
could i) improve HRQOL more than energy restriction alone (Study One, Chapter 3) 
and ii) improve HRQOL to levels equal to age-matched women with a healthy 
weight (Study Two, Chapter 4). Further, Study Three (Chapter 5) aimed to identify 
the specific influences of exercise participation for women with severe obesity and 
how these might change pre-, during- and post-intervention. The studies included in 
this thesis show that exercise is an effective addition to energy restriction for 
improving HRQOL, depressive and anxiety-related symptoms in women with severe 
obesity. Further, this thesis demonstrated that lesser degrees of weight loss than 
previously reported in studies of bariatric surgery can result in substantial HRQOL 
improvement equal to that of age-matched healthy weight women. Finally, Study 
Three confirmed that women with clinically severe obesity experience similar 
barriers to exercise initiation and continuation as previously reported in women with 
overweight or obesity. The fluid nature of the influences of exercise participation for 
women with severe obesity was identified. The findings of this study should go some 
way to aiding the design and implementation of future exercise and weight loss 
programs for women with severe obesity.  
The clear improvements in the mental aspects of HRQOL, depressive symptoms and 
anxiety highlighted in Study One were an important finding of this thesis. We 
showed that after 12 months of intervention, exercise training facilitated greater 
improvements in the SF-36 for four out of eight domains (general health, role 
emotional, vitality and mental health), MCS score, depressive symptoms and both 
state and trait anxiety compared to VLED alone. This is important because of the 
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association between better HRQOL and improved mental health are reciprocal [204, 
276, 279, 280]. This is the first study of its kind (12-month intervention, young to 
middle-aged women with severe obesity, using a VLED with and without exercise 
training) to demonstrate significantly greater improvement in mental domains and 
components of HRQOL. Until now, the addition of exercise to energy restriction has 
typically been encouraged for its benefits in relation to cardio-metabolic risk factors 
rather than HRQOL. Notably, improved HRQOL is associated with better mental 
health, in particular, decreased depressive symptoms and anxiety [276, 279, 280]. 
Study Two findings demonstrate that the use of VLED as a weight loss strategy does 
not impair HRQOL, but importantly leads to HRQOL similar to that of age-matched 
healthy weight peers irrespective of exercise involvement. These results are the first 
to compare the extent of HRQOL improvement after lifestyle interventions in women 
with severe obesity, but confirms previous evidence following substantial weight loss 
associated with bariatric surgery [19, 27, 309]. This supports the use of HRQOL as 
an important clinical outcome beyond weight loss for practitioners working with 
women with severe obesity. Further, such significant improvements may provide 
motivation to women with severe obesity who have plateaued or had less weight loss 
success than they had hoped for. These two studies confirm that exercise training 
should be further emphasised as important components of a lifestyle change 
program, however, factors influencing initiation of exercise and ongoing 
participation of exercise training are important to consider when developing an 
exercise approach for women with clinically severe obesity. 
Study Three demonstrated that factors influencing exercise participation varied 
between pre-weightloss treatment, during treatment, and following cessation of 
treatment support. Enjoyment of exercise transitioned from being a hindrance to 
exercise participation prior to intervention to being reported as a positive influence 
121 
 
after the intervention. A positive experience of exercise is important to facilitate 
enjoyment and ongoing participation in exercise training for women with severe 
obesity. Practitioners must identify the reasons for perceived lack of enjoyment of 
exercise when initiating intervention and provide alternatives which women with 
severe obesity find are more enjoyable. Further, accountability and social support 
were identified as primary influences on exercise participation. The use of exercise 
training diaries and regular supervised training sessions may be used by practitioners 
enhance compliance and participation. The insights gained from this study should aid 
practitioners to design and modify their intervention in order to address the needs of 
women with obesity to effectively engage them in exercise training. 
6.2 Summary 
This thesis provides new insights into the effects of 12-month interventions using 
energy restriction with and without exercise training for improving HRQOL and 
psychosocial health. In the longer-term, exercise training resulted in HRQOL 
benefits in excess of that for energy restriction alone, predominantly in the mental 
domains. Further, improvement in depressive symptoms and anxiety were also noted 
after the long-term engagement. Moreover, benefits observed in the intervention 
study translated to HRQOL improvements which exceeded that which is expected for 
the degree of weight loss, a finding previously only demonstrated in patients 
undergoing greater weight loss through bariatric surgery. Finally, the use of a 
qualitative investigation elucidated key influences of exercise participation for 
women with severe obesity. Of particular note was the bi-directional influence of 
weight on exercise behaviours and a reported positive influence of accountability. 
The findings of this thesis should aid in furthering the clinical practice of exercise 
professionals working with women with severe obesity to better inform clinical 
decision making, goal setting and identification of key outcomes from exercise 
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interventions. Further, health practitioners may use the information identified in the 
qualitative analysis to design or modify interventions for this specific population. 
This could translate to practitioners having greater confidence in a lifestyle 
intervention for women with severe obesity, and measuring success by how their 
patients feel through their weight loss journey, not just the measure on the scales. 
6.3 Limitations of this thesis 
There are several limitations to the research undertaken in this thesis which include: 
i) The number of participants who provided data at the conclusion of 
intervention was well below what was expected. The original study had 
allowed for 25% attrition and was considered conservative. While this 
target was met for primary outcomes of the broader study, approximately 
50% of participants failed to return questionnaires at the conclusion of the 
study. While this thesis is powered to observe differences within and 
between groups, greater retention of participants may have reduced the 
variability of results and aided in the translation to the broader population 
with severe obesity. 
ii) This thesis as part of the larger RCT used an active control group (ER). 
The ER group reflected usual care for adults with obesity. It is possible 
that some may view this as an inadequate control group, however in this 
study, we were testing the hypothesis that the addition of structured 
exercise training to energy restriction would provide greater HRQOL, 
depressive and anxiety symptom outcomes than energy restriction alone 
for women with clinically severe obesity. Therefore, the ER group was 
considered a suitable control group.  
iii) The use of retrospective, qualitative interviews is not optimal for 
assessing the differences in influences of exercise participation at 
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different time points. As the qualitative investigation was an addendum to 
the study after its inception, it was not possible to interview participants 
pre-, during- and post-intervention. Participants’ ability to recall their 
influences of exercise participation at each time point after the fact may 
also have been a hindrance. 
6.4 Recommendations for future research 
The results of this thesis identified a positive, additive benefit of exercise training to 
energy restriction for women with clinically severe obesity on HRQOL but also 
raises several questions, including: 
i) Based on the positive effects of exercise observed in the intervention 
study, it may be appropriate to examine the possible differences in 
response by obese sub-group. It is possible that the results observed in the 
current study may translate differently to greater or lesser degrees of 
obesity. An analysis of dietary and exercise compliance may also reveal 
trends related to HRQOL for obese sub-groups. Such an investigation 
may elude to associations between degree of compliance and level of 
improvement. It may also be of benefit to specifically recruit women who 
report more severe symptoms of depression at baseline to compare their 
response. Further, an extended follow-up period would allow for 
observation and evaluation of any persistence of benefits. 
ii) A health-economics assessment should be conducted to determine 
whether an intervention such as this could be replicated in clinical 
practice and its effects on quality-adjusted life years. 
iii) Previous studies in bariatric surgery have successfully followed the 
progress of participants over an extended period (up to 12 years in some 
cases). It would be of benefit to increase follow-up of the participants in 
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the intervention trial to identify whether the observed benefits persist over 
time and how these might relate to weight fluctuations and physical 
activity engagement.  
iv) It is important to also understand how men with clinically severe obesity 
would respond to the interventions here, particularly as severe obesity in 
men also carries a large morbidity burden. Moreover, the influences of 
exercise participation may differ for men with clinically severe obesity 
and further investigation would aid to develop more targeted 
interventions.  
HRQOL, depressive and anxiety symptoms are important outcome measures for 
women with severe obesity. The larger incorporation of such measures into clinical 
practice would better inform patient outcomes beyond those seen on the scales. It is 
evident from the findings of this thesis that that addition of exercise to energy 
restriction is associated with added benefits for HRQOL, depressive and anxiety 
symptoms. Further, participant adherence and outcomes may be further enhanced by 
addressing the specific influences of exercise for women with obesity identified in 
study three. This thesis should serve as an impetus for the adoption of the use of 
patient-reported outcome measures and the enhanced design of exercise intervention 
for women with severe obesity.
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Abstract
Background: Clinical practice guidelines globally recommend lifestyle modification including diet and exercise
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well-documented; however, there is no strong evidence for the effectiveness of exercise training for weight
loss in class II and class III obesity. The purpose of the randomised controlled trial described in this protocol
article is to examine the effect of exercise training, in addition to a very low energy diet (VLED), in clinically
severe obese women for changes in body composition, physical function, quality of life, and markers of
cardiometabolic risk.
Methods/Design: Sixty women, aged 18–50 years with a body mass index (BMI) greater than 34.9 kg.m2
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measures will be conducted at baseline, 3, 6 and 12 months.
Discussion: Previous research demonstrates various health benefits of including exercise training as part of a healthy
lifestyle at all BMI ranges. Although clinical practice guidelines recommend exercise training as part of first-line
treatment for overweight and obesity, there are few studies that demonstrate the effectiveness of exercise in class II
and class III obesity. The study aims to determine whether the addition of exercise training to a VLED provides more
favourable improvements in body composition, physical function, quality of life, and markers of cardiometabolic
risk for women with clinically severe obesity, compared to VLED alone.
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Background
Around one quarter of Australian and one third of US
adults are classified as obese [1, 2]. Further, there is evi-
dence of an acceleration in the prevalence of those
approaching class III obesity (body mass index, BMI
≥40 kg.m2), compared to overweight and class I obese
individuals (BMI 25–34.9 kg.m2) [2–4]. Individuals in
classes II (BMI 35–39.9 kg.m2) and III (BMI ≥40 kg.m2)
obesity are at a higher risk of developing metabolic and
cardiovascular disease, and disability compared to those
with overweight and class I obesity [3, 5, 6]. This trans-
lates to clinical health care costs that are twice that of
healthy-weight individuals [7].
Diabetes mellitus, cardiovascular disease, sleep apnoea,
dyspnoea, mental illness, musculoskeletal pain and dis-
orders all impact negatively on an individual’s capacity
to perform activities of daily living and are more preva-
lent in obese individuals [8–11]. Reduced capacity for
activities of daily living may occur prior to the develop-
ment of these conditions and may be related to adverse
metabolic and biomechanical changes associated with
obesity [12, 13]. Obese individuals often experience a
vicious cycle of low exercise capacity, physical disability
and breathlessness leading to physical inactivity, and fur-
ther weight gain [14], loss of physical function [15, 16],
and frailty [13, 17, 18].
Regular aerobic or resistance exercise training influ-
ences physical fitness and functional capacity through
improvements in muscular strength, power, endurance,
and cardiorespiratory and vascular fitness. Aerobic exer-
cise training specifically facilitates the improvement in
central and peripheral cardiorespiratory, vascular and
metabolic function, while resistance training improves
muscular endurance, strength, power and hypertrophy
[19]. Obese adults have been reported as having a
blunted response to exercise training when exposed to
the same training stimulus as their healthy-weight peers
[20]. The addition of specific exercise training to energy
restriction in obesity may, in addition to changes in
physical fitness, confer favourable body composition out-
comes but the evidence in clinically severe obesity is
limited [21–23].
Lean mass is integral to the long-term maintenance of
metabolic rate, core body temperature, skeletal integrity,
muscle strength, functional capacities [24, 25], and the
prevention of sarcopenic obesity later in life [26]. During
weight loss a greater proportion of lean mass is lost
compared to when weight is regained [27, 28]. The
resulting lean mass deficit and continued lack of physical
activity associated with ageing may lead to increased risk
of physical disability later in life [29, 30]. Exercise in
addition to weight loss improves physical function to a
greater extent than energy-restricted weight loss alone
[23]. It is not clear whether aggressive dietary weight
loss with the addition of exercise training is any more
beneficial, compared with dietary weight loss alone, in
clinically severely obese individuals. Although exercise
training during an energy-restricted diet slows the loss
of lean mass [22, 23, 31, 32], exercise training may be
more important as a method to enhance long-term
maintenance of weight loss [33–35].
Clinical practice guidelines recommend exercise train-
ing together with energy restriction as a first-line inter-
vention for obesity, without strong evidence of the
effectiveness of exercise training for weight loss in class
II and class III obesity [36–40]. Even if exercise training
proves to not be effective for weight loss in severely
obese individuals, there are other important benefits to
explore for them. Exercise training alone has been re-
ported to improve glucose regulation and slow the pro-
gression of type 2 diabetes [41–52], reduce systolic and
diastolic blood pressure (BP) [53–60], and reduce total
cholesterol, low-density lipoprotein (LDL) cholesterol,
and triglycerides [59, 61, 62], independent of weight loss
in overweight and obese adults. Improvements have also
been noted for symptoms of depression [63–69] and
quality of life [70, 71] in obese individuals. Individuals
with severe obesity may respond differently to these out-
come measures than overweight individuals. Therefore,
the purpose of the randomised controlled trial described
here is to examine the unique effect of exercise training,
in addition to a very low energy diet (VLED), in women
with severe obesity for changes on body composition,
physical function, quality of life, and markers of cardio-
metabolic risk.
Methods
Design
This randomised clinical trial is summarised in Fig. 1. The
study has been approved by the Deakin University Human
Research Ethics Committee (reference, 2011–154), the
Alfred Human Research Ethics Committee (reference,
330/11) and is registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12611000694910). The
trial will be conducted in accordance with the Helsinki
Declaration [72] and reporting of the study will
adhere to the Consolidated Standards of Reporting
Trials (CONSORT) guidelines [73]. Following the ini-
tial screening process, the women will be randomised
into either the energy restriction alone group (ER) or
the energy restriction plus exercise intervention group
(EXER).
Participants
Women aged 18–50 years, with a BMI greater than
34.9 kg.m2 and at least one obesity-related co-morbidity,
will be recruited. Volunteers will be excluded if they
report serious unstable cardiovascular conditions, type 1
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diabetes, active musculoskeletal conditions that limit ex-
ercise participation, pregnancy, planning pregnancy in
the next 12 months or breastfeeding, weight loss greater
than 5 kg in the past 3 months, currently using weight
loss medication or having undergone weight loss surgery
in the past, currently using medication which significantly
influences weight (antipsychotic drugs, some corticoste-
roids, anticonvulsant drugs, Loperamide, Buscopan, insu-
lin), and currently undertaking more than 150 minutes of
moderate to vigorous intensity exercise each week. Each
participant will receive written and verbal explanations
about the nature of the study and the testing procedures.
Those participants who choose to participate must pro-
vide informed consent by signing a participant informa-
tion and consent form and consult with their own general
practitioner to obtain a medical clearance prior to
formally being accepted to participate.
Recruitment
Participants volunteering for the study will be recruited
through Deakin University, Monash Medical, and Baker
IDI Heart and Diabetes Institute internal email net-
works. Advertisements will be placed in one large locally
subscribed weekend newspaper and other local area
newspapers. Study details and contact details will be
listed on the Baker IDI Heart and Diabetes volunteer
webpage, promoted on social media (Facebook and
Twitter). One-page information flyers will be given to
medical practices in the local area after meeting with
practice nurses and dietitians, and flyers placed in med-
ical practice waiting rooms. Interested volunteers self-
initiate contact with the research team via email or
phone. Interested volunteers will be screened against
the inclusion criteria prior to being given the partici-
pant information and consent form, and medical
clearance form.
Sample size
The number (n = 60) of participants to be recruited for
this study has been determined based on previous evi-
dence, plus a projected drop-out rate of 25 %, and pro-
vide adequate statistical power for the two co-primary
outcome measures of VO2peak (n = 20, α = 0.05, power
0.9 [74]) and lean mass (n = 23, SD of 1.7, α = 0.05,
power 0.8 [75]). Secondary outcome measures for trad-
itional markers of cardiometabolic health including sys-
tolic and diastolic blood pressure, total cholesterol, LDL
cholesterol, insulin sensitivity; and measures of physical
activity require fewer participants to reach statistical
power (range n = 8–14, α = 0.05, power 0.8).
Randomisation
Participants will be randomised individually by a re-
searcher external to the project and will have no contact
with the participants prior to or during the trial. This re-
searcher will have no intellectual or personal investment
into the study design or outcomes. The women will be
randomised into either (ER) or (EXER) groups using
sealed opaque envelopes in blocks of six. The envelopes
will be stored in a locked cabinet within the independent
researcher’s office. Each envelope will contain a single
sheet of paper identifying the group allocation. The
sheet of paper will be folded at least twice to reduce
chance of transparency. One envelope will be chosen at
random from the stack of six envelopes containing three
of each group allocation (EX and EXER) reduced to a
single envelope; this is then combined with the next
group of six envelopes to reduce the chance of predict-
ability. The independent researcher is provided with a
participant identification number and completes ran-
domisation once the prospective participant provides the
study investigators (CM, TR, DV or JD) with a medical
clearance from their own general practitioner, preliminary
Fig. 1 Trial flow chart outlining participant testing and intervention schedule
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participant screening, and completes all of the baseline
measures to ensure safety and suitability for study partici-
pation. Participants, and researchers involved in delivering
participant interventions will not be blinded to group allo-
cation. Some of these researchers (CM, DV, TR) will also
be involved in study co-ordination and data collection.
Study interventions
Energy restriction
All participants in ER and EXER follow the same struc-
tured Optifast® clinical treatment protocol. In summary,
the participant will meet with an accredited practicing
dietitian who forms part of the research team every fort-
night for the first 12 weeks. This will be continued as
clinically relevant for the remaining 9 months. The
VLED consists of four phases (intensive, 450–680 kcal;
transition, 800–880 kcal; maintenance, 1000–1400 kcal;
and stabilisation, 1200 kcal; phases). The phases and the
extent of energy restriction of the protocol are not fixed,
and will be modified as clinically relevant depending on
the participant’s ability to manage with the diet, weight
gain or loss, or the participant’s change in health cir-
cumstances. It is expected that not all participants will
feel comfortable following the Optifast® protocol for the
entire 12 months despite encouragement and support
and, therefore, the dietitian will work with the partici-
pant to create a suitable energy-restricted diet as per
standard clinical practice. All participants begin with an
intensive phase for up to 12 weeks, moving into the
transition phase for weeks 13–18 which incorporates
one whole food meal, completing weeks 19–22 in the
maintenance phase to introduce two whole food meals
per day, and the remaining 6 months in the stabilisation
phase where most meals will consist of whole food. As
part of standard clinical care, the study dieticians will
collect 4-day diet records at baseline and at each follow-
up period and, when required, use the 24-hour dietary
recall for tracking participant adherence and adjust the
dietary plan.
Exercise training
EXER follow a standardised progressive exercise
programme led by accredited exercise physiologists or a
student exercise physiologist supervised by an accredited
exercise physiologist. The exercise intervention consists
of a supervised exercise programme that is complemen-
ted by a home-based exercise routine. The supervised
exercise training will commence the same week as the
VLED and consists of the following:
3 × 1 hour supervised exercise sessions per week
(weeks 1–6)
2 × 1 hour supervised exercise session per week
(weeks 7–12)
1 × 1 hour supervised exercise session per week
(weeks 13–26)
2 × 1 hour supervised exercise sessions per month
(weeks 27–52)
The exercise training will consist of a progressive
moderate intensity aerobic conditioning and resistance
training programme using a variety of machines and free
weights. Each training session lasts 60 minutes and will
consist of 5 minutes’ warm up, 45–50 minutes of condi-
tioning, and 5 minutes of cool-down and stretching. The
conditioning component consists of approximately 20–
30 minutes of aerobic training (12–16 on Borg’s Ratings
of Perceived Exertion (RPE) scale, 60–80 % heart rate
reserve (HRR)) followed by 20–30 minutes of resistance
exercise (one to three sets of eight to ten repetitions).
The resistance exercise involves six to ten different,
predominantly multi-joint exercises for the upper and
lower extremities at an intensity of two repetitions below
volitional fatigue, with a 2-second concentric and eccen-
tric contraction speed. Exercise prescription followed
clinical judgement and the American College of Sports
Medicine’s (ACSM’s) guidelines [76] to ensure fitness
improvement and programme compliance. Once partici-
pants complete three sets of ten repetitions with correct
technique, for two consecutive training sessions, the
resistance will be increased. The cardiorespiratory fitness
training progress from 40–60 % HRR in the first 5 weeks
to 60–80 % HRR for the remainder of the programme.
The mode of aerobic exercise varies depending on par-
ticipant’s choice; however, weight-bearing exercise such
as walking will be encouraged as one of the principle
exercise modes.
The exercise physiologists will follow a structured
resistance training programme with eight core exercises
that will include: leg press, squats, bench press, seated
row, lateral pull down, shoulder press, biceps curl and
triceps kickbacks.
The exercise physiologists will keep a record of attend-
ance, exercises undertaken and progress achieved by
participants. Any adverse events or adverse signs and
symptoms will be documented including feelings of gen-
eral fatigue, soft tissue soreness, light-headedness, colds
and flu and injury or illness. The reason for non-
attendance will also be included on the exercise
programme card. ‘Make up’ sessions will be made avail-
able where possible during the same training week or
the following week.
The participants will be assisted in the development of
a home-based exercise programme that will gradually
replace the supervised exercise sessions. This is a trans-
fer to a self-management model. The programme will
consist predominantly of cardiorespiratory exercise de-
vised around each individual’s access to facilities and
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equipment. Participants will also be encouraged to
increase incidental physical activity. Participants will
progressively increase the weekly hours and frequency of
home-based exercise during the period of the study so
that all participants aim to be exercising most if not all
days of the week. The participants will set a goal of exer-
cising at a moderate intensity for 200 minutes per week
in week 1, progressing to 300 minutes by week 6 and
sustaining this level of exercise participation for the
remainder of the 12-month intervention to assist with
developing a regular exercise habit conducive for weight
maintenance [77–79]. The purpose of the exercise physi-
ologist is to provide advice, guidance and support for the
prescription of exercise, and at no time will provide diet-
ary advice to the participants. Exercise physiologists will
advise participants to discuss dietary questions with the
study dietitians.
Participants randomised to the energy restriction only
group will be encouraged to exercise at study com-
mencement and during the dietary consultations along
with general lifestyle advice, but will not be provided
with any other specific guidance or follow-up support.
These participants will not be discouraged from chan-
ging their exercise habits.
Measures
Outcome measures will be obtained from participants at
baseline, 3, 6, and 12 months. The series of tests at each
location is shown in Fig. 1. Trained research staff will
adhere to the standardised procedures for all data collec-
tion ensuring consistency in (1) order of tests, (2) use
the same equipment for each test, and (3) management
and storage of data collected.
Primary outcome measures
Peak aerobic power
Peak aerobic power will be assessed using a symptom-
limited graded motorised treadmill (h/p/cosmos Quasar
DE83365, Nussdorf-Traunstein, Germany) test suitable
for those with low exercise tolerance. Participants warm
up at a comfortable walking pace at 0 % gradient and
speed is then adjusted gradually until RPE (6–20 Borg
point scale) of 8/20 is achieved. Participants will be coa-
ched and counselled on the RPE scale during the rest
period and as they progressively reach the test speed.
The speed will then remain constant for the duration of
the exercise test. During the test period the gradient is
increased by 2 % per minute until the participant sub-
jectively reports a 17 (very hard) on the Borg rating of
perceived exertion scale (RPEpeak = 17). The test will be
terminated earlier if adverse signs and symptoms arise.
The test will be terminated at an RPE of 17/20 to avoid
adverse signs and symptoms rather than reaching max-
imum volitional fatigue, which may increase the risk of
adverse events, or increased risk of withdrawal from the
study in this high-risk population. Using RPE for test
termination is a valid method of measuring peak aerobic
power [80–82]. Expired respiratory gases will be col-
lected through a breath-by-breath pneumotach system
(Innocor Innovision version 6.15, Glamsbjerg, Denmark).
The Innocor unit will be calibrated before each test
according to the manufacturer’s guidelines. The breath-
by-breath data will be integrated for each 15-second
interval and the mean values for VO2, VCO2 and ventila-
tion (VE) used for that interval. Heart rate (HR) will be
measured at rest and during the graded exercise test
using a 12-lead electrocardiogram (ECG) (Mortara, X-
Scribe II, Milwaukee, WI, USA). Heart rhythm and other
ECG characteristics will be continuously monitored
from this 12-lead system. Pulse oximetry (NONIN Med-
ical 2120, Plymouth, MN, USA) will be recorded at the
end of each minute during the test and recovery. Partici-
pants will be asked not to consume caffeine, alcohol or
tobacco for a minimum of 2 hours prior to the exercise
test. Resting pre-exercise and post-exercise blood pres-
sure will be measured using a manual sphygmomanom-
eter and stethoscope.
Muscular strength
Maximal muscular strength will be determined using a
three repetition maximum (3RM) [76] for bench press,
supine leg press, and seated row using standard resist-
ance training equipment. The participants will be
instructed and allowed to practice correct lifting and
breathing techniques for each exercise prior to the test
and will complete ten repetitions of the exercise at a low
to moderate load. This also serves as a specific warm up
to the exercise test. Participants will be asked to self-
select an estimated starting weight which will then be
increased gradually until only three repetitions are
possible. The progressive increase in load ranges from
1–10 kg for bench press, 2–10 kg for leg press and
1–9 kg for seated row. The rest period between
attempts is set to 90–120 seconds or until fully
recovered. The bench press will be performed using a
Smith machine (BodySolid, Powerline PSM144X,
Forest Park, IL, USA). The seated row will be com-
pleted using a dual pulley (Nautilus tower pulley
system, F3ATFS, Independence, VA, USA) with a V-
pulldown/row bar. The pulley height will be set in
line with the participant’s xiphoid process and feet
placed on a step to ensure a full arm length distance
from the pulley. The back and shoulders will rest on
the back of the upright bench to avoid the use of
momentum. The leg press (Synergy Omni leg press
S-31-OPD, QLD, Australia) will be performed in
supine with the seat lowered until the knee reaches
90°. For all strength tests, the machine settings in
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relation to anatomy will be recorded and replicated in
subsequent tests. Total muscle strength will be calcu-
lated as the sum of the three strength measures. Rela-
tive strength will be calculated by dividing total
strength by body mass in kilograms.
Body composition
Body composition and total body bone mineral density
will be assessed using a dual energy X-ray absorpti-
ometry (DXA) scanner (GE Lunar Prodigy Pro, Madison,
WI, USA) with software version 12.1 to assess total and
regional body fat mass, lean mass, and total body bone
mineral content and density. Prior to each assessment
standard manufacturer procedures for quality assurance
and quality control will be performed. All participants
will be wrapped using a light sheet to ensure the entire
body remains within the scan area. Due to the limited
scanning width of the DXA, modifications to the scan
will be completed and replicated during subsequent
scans. Participants will be aligned with the right hand
side of their body against the right edge of the scan field.
In some instances due to the width of obese participants,
the left upper extremity may fall outside of the scan
range. For these participants, the left upper extremity
will be replaced by the right upper extremity. For in-
stances where portions of the trunk lie outside of the
scan area, half body scans will be completed of the right
side and multiplied by two. The maximum static load
limit of the DXA at the Deakin University laboratory is
159 kg. Participants above this weight will be scanned at
the Alfred Hospital using a DXA scanner (GE Lunar
iDXA, Madison, WI, USA) with an upper weight limit of
200 kg. For all participants, follow-up testing will be
replicated to be consistent with that of the baseline test,
including body position, calculation, and equipment.
Secondary outcome measures
Body mass index
Weight will be measured using calibrated scales
(SECA 708, Hamburg, Germany), weighing to the
nearest 0.01 kg. Height will be determined using a
standard calibrated stadiometer (Holtain Limited,
Crymych, Pembrokeshire, UK) measured to the near-
est 0.01 metres with the participant standing in the
anatomical position. BMI will be calculated using the
following formula: weight (kg)/height (m2). Three
measurements will be taken and the mean of the two
closest measurements used.
Waist circumference
Waist circumference will be measured using a steel tape
measure with the participant in the standing position.
The tape will be placed horizontally around the partici-
pant’s waist immediately above the iliac crest according
to the NHANES III procedure [83]. Three measure-
ments will be taken and the mean of the two closest
measurements will be used.
Hip circumference
Hip circumference will be measured using a steel tape
measure with the participant in the standing position.
The tape will be placed horizontally around the
widest part of the hips [84]. Three measurements will
be taken, and the mean of the two closest measure-
ments used.
Sit to Stand test in 30 seconds
The Sit to Stand test in 30 seconds (STS-30) as de-
scribed previously [85] will be performed as a functional
weight-bearing performance test for the lower body and
a test for lower limb muscular endurance. The test com-
mences following a demonstration of technique and
cueing from the researcher and is practised by the
participant for up to ten repetitions with feedback on
technique. The participant then rests for up to 3 mi-
nutes or until fully recovered before commencing the
30-second test. The test commences in the seated
position and the participants are instructed to hold
their arms across their chest for the test duration.
The participant will be required to sit back on the
chair but not collapse back into the chair prior to the
next repetition. If the participant is more than half
way up at the end of 30 seconds then the repetition
will be rounded up. The chair will be set at the
height of the popliteal crease and recorded to repli-
cate in later tests.
Objective assessment of physical activity and sedentary
behaviour
Participants will be fitted with an Acti-heart® heart rate
and activity monitor that will be worn for 7 days as
described previously [86, 87]. The monitor is attached
by two standard electrodes on the chest, placed immedi-
ately lateral to the sternum at the second intercostal
space with the second electrode attached on the same
horizontal level as far lateral as possible. The area is
cleaned with a 73 % ethanol swab prior to electrode
placement. The device will be worn for seven consecu-
tive days without being removed (unless electrodes
require replacing) and data will be analysed to determine
the duration of sedentary behaviour (<1.5 METS), light
intensity (1.5–2.9 METS), and moderately intense activ-
ity (≥3 METS) [88] in bouts of at least 1 minute and at
least 10 minutes. Participants will be blinded to the
device’s ability to record activity data.
Miller et al. Trials  (2016) 17:125 Page 6 of 12
Subjective assessment of physical activity behaviour
Participants will complete the Baecke physical activity
questionnaire as a measure of habitual physical activ-
ity over the previous 12 months [89]. Separate work,
sport and leisure index scores will be calculated, plus
a total score.
Seven-day exercise recall
Participants will be interviewed during consultations
prior to the commencement of the physical tests. The
participant will be guided through a recall of the previ-
ous 7 days for engagement in exercise bouts of at least
10 minutes in duration. Intensity will be reported by the
participant through description of effort, breathing or
the use of the Borg scale for ratings of perceived exer-
tion [90]. The weekly time spent exercising at moderate
to vigorous intensity for bouts of at least 10 minutes will
be used for analysis. This lower limit was set due to a
lack of health benefits achieved at lower duration and
intensities [91].
Blood sampling and analysis
Fasting blood collection and analysis
Venous blood samples will be collected prior to the oral
glucose tolerance test (OGTT) by a trained phlebotomist.
Forty millilitres of blood will be extracted into vacutainer
tubes, and two tubes will be sent to a commercial path-
ology laboratory for analysis of fasting glucose, insulin,
blood lipids, haemoglobin A1c, and C-reactive protein.
The remaining blood will be centrifuged and stored in a
freezer at −80 °C. Markers of systemic inflammation and
bone metabolism will be analysed as described previously
[92, 93]. Each participant is advised to maintain their nor-
mal diet and exercise patterns for the 3 days prior to the
testing. After a 12- hour overnight fast, participants will at-
tend the Baker IDI Heart and Diabetes Institute. Baker IDI
Heart and Diabetes Institute research colleagues will per-
form muscle sympathetic nerve activity recording, endo-
thelial function assessment and the OGTT. An
intravenous catheter will be placed in an antecubital vein
for blood sampling. Volunteers will ingest 75 g of glucose
over 2 minutes (Glucotol™, Orion Laboratories, Welshport,
WA, Australia). Blood samples will be drawn at −15, 0, 30,
60, 90 and 120 minutes for determination of plasma
glucose and insulin concentrations. The remaining
blood will be centrifuged and plasma will be stored in
a freezer at −80 °C at the Baker IDI Heart and Dia-
betes Institute. Markers of bone metabolism and
systemic inflammation will be analysed as described
previously [92] from the stored samples.
Muscle sympathetic nerve activity (MSNA) recording
Recordings of multi-unit post-ganglionic MSNA will
be made while the subject rests in a comfortable
supine position. A tungsten microelectrode (FHC,
Bowdoinham, ME, USA) will be inserted directly into
the right peroneal nerve at the fibular head by an ex-
perienced investigator (EL). During MSNA recording,
blood pressure (BP) will measured continuously using
the Finometer system (Finapress Medical System BV,
Amsterdam, The Netherlands) and heart rate (HR)
will be extracted from a three-lead ECG. All of these
parameters will be digitised with a sampling frequency of
1000 Hz (PowerLab recording system, model ML 785/8SP,
ADInstruments, Bella Vista, NSW, Australia). Resting
measurements will be recorded over a 15-minute period
and averaged. Sympathetic bursts will be counted manu-
ally and expressed as burst frequency (bursts/minute) and
burst incidence (bursts/100 heart beats).
Twenty-four-hour ambulatory blood pressure monitoring
Participants will be fitted with ambulatory blood pres-
sure monitoring equipment (Oscillometric monitor,
model number 90207, SpaceLabs Medical Inc., WA,
USA) before leaving the Baker IDI Heart and Diabetes
Institute on the first day at each assessment timepoint.
The device will be worn around the waist with a belt
while the cuff will be fitted to the upper left arm to
measure brachial blood pressure every 15 minutes be-
tween 6 am and 10 pm, and every 30 minutes between
10 pm and 6 am. Participants will be advised to record
their activity and any symptoms at each reading. The
monitor is removed after 24–26 hours of continuous
wear and then returned via a self-addressed express post
satchel or in person to the Baker IDI Heart and Diabetes
Institute. Blood pressure values will be averaged over the
total recording time for a 24-hour average, and separ-
ately across waking and sleeping hours [94]. Resting
blood pressure will be also recorded in the clinic after
sitting quietly for 5 minutes. Blood pressure will be
taken by an experienced researcher using a standard
aneroid sphygmomanometer, listening for the first and
last Korotkoff sounds through the brachial artery with a
stethoscope.
Spontaneous cardiac baroreflex function
Baroreflex sensitivity will be assessed using the sequence
method from analysis of the continuous (beat-to-beat)
blood pressure and heart rate fluctuations. The proced-
ure identifies the ‘spontaneous’ sequences of three or
more consecutive beats in which systolic blood pressure
progressively rise (by at least 1 mmHg) and cardiac
interval lengthens, or systolic blood pressure progres-
sively falls (by at least 1 mmHg) and cardiac interval
progressively shortens, with a lag of one beat. For each
sequence, the linear correlation coefficient between car-
diac interval and systolic blood pressure will be com-
puted and the sequence validated when r >0.80. The
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slope between cardiac interval and systolic blood pres-
sure will be calculated for each validated sequence and
an average slope will be calculated for each recording.
These measures will be extend by including assess-
ment of baroreceptor modulation of MSNA (or vaso-
motor tone) by relating each spontaneous sympathetic
burst to the diastolic blood pressure and cardiac
interval of the heart beat during which the burst is
generated [95].
Endothelial function
The Endo-PAT 2000 will be used to non-invasively
assess endothelial function and arterial stiffness. The
device captures a beat-to-beat plethysmographic record-
ing of the finger arterial pulse wave amplitude with
pneumatic probes, detecting the peripheral arterial tone.
Peripheral arterial tonometry is assessed in response to
reactive hyperemia by placing the finger probe on the
index finger in each hand (occluded study hand, and
non-occluded, control hand). Measurements will be ob-
tained for 5 minutes at baseline followed by 5 minutes
of occlusion of one arm, with cuff inflated on the upper
arm to supra-systolic pressure and then released to
induce reactive (flow-mediated) hyperaemia, measured
for 5–10 minutes. The magnitude of flow-mediated
hyperaemia is calculated as the ratio between post-
obstructive and baseline pulse wave amplitude, corrected
to systemic changes measure in the contralateral, non-
obstructed arm. Arterial stiffness is assessed by auto-
matic calculating the Augmentation Index from the
pulse arterial tonometry waveform.
Quality of life questionnaires
The Medical Outcomes Trust (MOT) SF-36 (short form
36) health-related quality of life questionnaire contains 36
questions regarding the multi-dimensions of health.
Question categories include: limitations of activities, gen-
eral health, physical health problems, emotional health
problems, social activities, pain, and energy and emotions
[96, 97]. The questionnaires will be printed and provided
to participants to complete at each timepoint.
Multi-dimensional Body-Self Relations Questionnaire
The Multi-dimensional Body-Self Relations Question-
naire is a validated questionnaire [98] and the Appear-
ance Orientation (AO) and Appearance Evaluation (AE)
subscales have previously been used in this patient
population [99]. AO quantifies the importance placed on
appearance and grooming, and is scored on five-point
responses (definitely disagree to definitely agree) to 12
questions. The AE score is comprised of seven items
(again with five-point responses) and describes the
participant’s perception of their own attractiveness.
The Work Productivity and Activity Impairment
Questionnaire (WPAI) is a short self-report instrument
that requires the participant to recall their work prac-
tices over the past 7 days. It has been used previously to
assess work productivity loss and the degree of impair-
ment to activity due to obesity and obesity-related co-
morbidities [100].
Epworth Sleepiness Scale
The Epworth Sleepiness Scale assesses daytime sleepi-
ness during various situations on a four- point scale
from 0 (would never doze) to 3 (high chance of doz-
ing) [101].
Musculoskeletal Pain Questionnaire
Participants will complete an 11-point (0–10) Likert
visual analogue scale (VAS) to report pain in nine
regions around the body as described elsewhere [102].
Self-efficacy questionnaires
The Exercise Self-efficacy Scale (ESE) measures per-
ceived competence to overcome barriers to completing
exercise. The five items on the scale require the partici-
pant to rate the statement from 1 (not at all confident)
through to 7 (very confident). The second self-efficacy
scale, the Weight Efficacy Lifestyle Scale (WEL), mea-
sures self-efficacy for appropriate eating. It has five sub-
scales (negative emotions, availability, social pressure,
physical discomfort, positive activities) with four items
each. Each item presents a statement that is then ranked
on a 10-point scale, 0 (not confident) to 9 (very
confident) [103, 104].
Beck Depression Inventory-II
The Beck Depression Inventory-II (BDI) [105] is a revi-
sion of the original 21-item questionnaire with scores
ranging from 0 to 3 on a 4-point Likert-type scale for
each question (responses ranging from ‘not at all’ to an
extreme form of each symptom) used to assess severity
of depressive symptoms over the past 2 weeks including
the current day, in populations aged 13 years and over.
This tool is not used for diagnostic purposes, rather it is
used to identify and score the severity of symptoms of
depression.
Spielberger State and Trait Anxiety Inventory
The Spielberger State and Trait Anxiety Inventory
(STAI) is used to measure the presence and severity of
current symptoms of anxiety along with general ten-
dency to be anxious via self-report [106]. This tool con-
sists of two questionnaires of 20 items each, the first
questionnaire is used to measure state anxiety (feelings
of anxiety at the time of administration) while the
second, measures trait anxiety (general feelings of
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anxiety) [107]. Each questionnaire uses a four-option
response scale from ‘not at all’ to ‘very much so’
(scored from 1 to 4) in the state anxiety questionnaire
and ‘almost never’ to ‘almost always’ (scored from 1
to 4) for trait anxiety [106]. Scores range from 20 to 80 for
each questionnaire with higher scores indicate greater
anxiety. A cut-point of 39 to 40 being set for clinically
significant symptoms of state anxiety [108, 109].
Statistical analysis
All variables will be plotted and visually inspected for
skewness and kurtosis. Formal analysis of normality will
be confirmed with the Kolmogorov-Smirnov test of nor-
mality (SPSS statistics for windows, version 21.0: IBM
Corp., Armonk, NY, USA) as it is appropriate when used
with small- to medium-sized samples [110]. The inde-
pendent t test for continuous variables will be used to
examine the groups (ER versus EXER) characteristics at
baseline using Genstat statistical software (for Windows
16th edition. VSN International, Hemel Hempstead,
UK). Genstat will be used to produce a histogram of
residuals, fitted-value and normal plot of residuals and
assessed for normality, independence, equal variance and
linearity for each dependent variable. If the data is
shown to not be normally distributed or displays hetero-
scedasticity the data will be log transformed to restore
normality [111]. Factorial repeated measures analysis of
variance (ANOVA) (mixed between-within subjects or
split-plot) with intention-to-treat protocol for all vari-
ables to assess the interaction effect (group × time) will
be performed. Missing values for variables will be
replaced using an expectation maximisation algorithm
with a multiple imputations method [112] using Genstat
statistical software. Analysis for the least significant
difference of the means will be performed for both time
and group with a p value set at 0.05.
Discussion
Previous research demonstrates various health benefits
of including exercise training as part of a healthy lifestyle
at all BMI ranges. Although clinical practice guidelines
recommend exercise training as part of the first-line
treatment for overweight and obesity, there are few stud-
ies that demonstrate the effectiveness of exercise in class
II and class III obesity. The study aims to determine
whether the addition of exercise training to a VLED pro-
vides more favourable improvements in body compos-
ition, physical function, quality of life, and markers of
cardiometabolic risk for women with clinically severe
obesity, compared to VLED alone. The results of this
study should allow for a greater understanding of the
benefits and limitations of exercise training for high risk
class II and class III obese women during periods of
energy-restricted weight loss. It is expected that this
research will guide clinical practice in the primary care
setting, so that clinicians can provide more informed
evidence-based practice for the management of clinically
severe obesity.
Trial status
The EMPOWER trial is active with participant recruit-
ment and intervention delivery currently ongoing.
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Appendix B: T-test results of baseline characteristics – Completers Vs Non-
completers of Study 1. 
  
  
Sig. (2-tailed) 
Mean 
Difference 
95% Confidence Interval of the 
Difference 
Lower Upper 
Age 0.959 0.127 -4.754 5.007 
Body Mass 
Index 
(kg/m2) 
0.529 1.05883 -2.28958 4.40723 
Physical 
Function 
0.367 -4.167 -13.431 5.097 
Role 
Physical 
0.140 -14.345 -33.557 4.867 
Bodily Pain 0.433 4.333 -6.656 15.322 
General 
Health 
0.694 1.920 -7.813 11.653 
Vitality 0.801 -1.167 -10.388 8.055 
Social 
Function 
0.972 0.227 -12.825 13.278 
Role 
Emotional 
0.806 -2.525 -23.097 18.047 
Mental 
Health 
0.689 -1.920 -11.475 7.635 
Physical 
Component 
Summary 
0.670 0.901 -3.313 5.115 
Mental 
Component 
Summary 
0.704 -1.094 -6.842 4.654 
Beck 
Depression 
Inventory 
0.824 -0.643 -6.424 5.138 
Spielerger 
State 
Anxiety 
0.942 0.250 -6.671 7.171 
Spielberger 
Trait 
Anxiety 
0.848 -0.668 -7.634 6.298 
  
 
Appendix C: Qualitative interview schedule 
INTERVIEW SCHEDULE: (25 mins) 
- Participants advised there are no right or wrong responses to any questions 
asked 
- Re-iterate from PLS:  All contributions are confidential.  
- Interview will be tape-recorded (with permission from participant) 
- Ask participant if they have any questions before you start 
- Researcher will ask participant a little bit about themselves eg. Where do they 
live? Work? 
1) Thinking back to before you entered the EMPOWER study, how much 
exercise were you doing? (And if something, who was it with?) 
Prompts: What was the activity? (Walking, cycling, organised or social sport 
playing with children?) How often were you doing this? How would you 
describe the intensity (1-10 with 10 being very intense)? What was the 
purpose of this activity? (Transport, weight loss, enjoyment, stress relief, 
family time) 
2) Directly prior to enrolling in the EMPOWER study, what was preventing you 
from being active? 
Prompts:  
Individual (attitude, enjoyment (If exercise was not enjoyable, what was it 
that made it unenjoyable?), feel self-conscious/weight, confidence, 
motivation, energy/feel tired, injury); 
•  social (stigma, friends/family attitudes/behaviours) 
• environmental (access to facilities, neighbourhood?)-  
 
Additional prompt: Think back to the most recent time that you were active, 
what were the things that stopped you from continuing these patterns? Has 
there been a time in your life that you were active and then became less 
active? What influenced that? 
3) During the study, what kinds of things (or experiences), influenced your 
physical activity? These may be related to the study or not.  
• What helped facilitate/improve? (Prompts: Weight loss, increased 
knowledge, confidence, encouragement from friends/family EP 
support, enjoyment, confidence, exercising with others (same weight)? 
Changes in relationship status or situation?)  
• What hindered/prevented/made it harder for you to be active during 
the study? (Prompts: Changes to family or work commitments, 
scheduling of appointments within the study, difficulty with travel, 
 
family/friend discouragement, lack of progress? Confidence? 
Changes in relationship status? Exercising with others (different 
weight to your own?) 
4) Ongoing maintenance: 
a) Following your involvement in the EMPOWER study, how has your 
exercise changed?  
• Frequency 
• Dose  
• Time when you do it  
• Who you do it with, by yourself, with friends, with a professional(i.e., hired a 
professional) 
• Setting (e.g., joined a gym) (More or less active than during the program? 
How much, when, where, with who? Have you joined a gym? Hired a 
trainer? Group or solo exercise?) 
 
b) What are the key things that are influencing your exercise now?  
• What’s making it hard? (Prompts: weight, motivation, injury, friends, time, 
lack of knowledge or confidence).  
• What has helped? (Prompts: knowledge, confidence, support, friends or 
family encouragement/engagement, exercise or activity goals (eg: to run 
10km, re-join sports team, exercise event such as tough mudder ) 
 
c) Following on from this, are there experiences from the study that have contributed 
to you a) continuing;  
b) Changing your current exercise habits? If so, what are they? 
 (Prompts: Enjoyment, injury, achieved desired results, have adopted to habits, 
increased knowledge, lack of supervision, exposure to different exercises, more 
comfortable with new Ex or environment.) 
5) Future strategies:  
a) What is the thing (s) that would most help you to be more active/exercise more 
now? 
 
 
b) What things/ ideas do you think should be incorporated in a weight loss program 
to help get women struggling with their weight to engage and continue 
exercising?  
6) Do you have any final comments? 
Thanks so much for your time today – we really appreciate your 
involvement. 
 
 
 
